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nflEFACE. 


Thb present is, in all probability, the last description of 
geological surveying in India that I shall ever 'write. After 
talcing part in the work of the Geological Survey for more 
than twenty-seven years, I am reluctantly compelled to fore- 
go the hope of aiding any longer in its labours. So much 
exploration and study are necessary before the many difficnlt 
problems presented by Indian geology can be solved, even 
to the imperfect extent that similar problems have been 
solved in countries where observers are more numerous, 
and physical difficulties, less, that it is some satisfaction to 
reflect upon the progress that has been made, and to contrast 
our present knowledge of Indian geology with that which 
was available a quarter of a century ago. But although to 
any geologist now entering upon the study of Indian forma- 
tions for the first time the amount of accumulated inform- 
ation may ‘appear imposing, to one who has assisted in the 
reseaxoh, and is now quitting the field, the links that are 
wanting to complete the chain appear more numerous thaw 
those thi^ have been forged, and the gaps are more conspi- 
cuous than the finished work. 

The 'pceseut memoir is an account of an attempt to forge 
one of these m i sring links, smd to a^l^ the knowledge Of 
tfflrtiaxy rooks gained in' one part of tiie country, Sind, id 
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throw l^ht upon the structure of a more difficult region, the 
Punjab. 

The study of the Indian tertiaries was unfortunately com- 
menced at the wrong end. This was due neither to error 
nor ignorance, but was partly caused by the arrangements 
for geological work depending largely upon the progress of 
topographical surreying, and partly by the necessity of 
exploring particular tracts of country in order to ascertain 
the distribution of valuable minerals. For these reasons, the 
confused and imperfect series of tertiary rodcs exposed in 
Burmah, the Assam Hills, the North-West Himalayas, and 
the Punjab, came under the notice of the Survey before the 
superb and richly fossiliferous sections of the Sind hills had 
been studied. Now that, at length, some knowledge of the 
Sind tertiary formations has been attained, it is essential 
that the knowledge procured should be applied to the classi- 
fication of the rooks in the other tertiary regions of India. 

The process is two-fold. The palseontological coUeotions 
from Sind require careful study and des^^ptign, and the 
stratigraphical divisions require tracing in the field in con- 
nexion with those in neighbouring parts of the country. 
In the former branch of the subject a little has been done 
already. Professor P. Martin Duncan has very kindly 
described and figured the corals of the Sii>d rocks, and is now 
engaged, with the co-operation of Mr. Percy Sladen, in 
describing the still more important collection of Eohinoidea 
from the same beds. To these two gentlemen Indian geolo- 
gists are deeply indebted. But until the fossil moUpaoa of 
Sind have been determined and figured, the palasontologioal 
inaterials for the study of the Indian tertiaries wiH eontinujs 
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io be not only imperfeot but misleading. Ibe only impo^ 
■tant contribution to the subject, the well known work of 
Messrs. B’Aichlac aUd Hahne on Indian nummulitio fosaOa, 
not only includes forms froi^ lower and upper eocene, digo> 
ojne, and miocene bede^ aU attributed to the eocene^ but, 
owing to the very impbirfect state of pinssermtion in which 
many of the B]^cimens w^, neither the figures nmr dB8> 
criptions of a considerable proportion of the speoies are 
satis^ictoiy. I am indebted to ^Professor Martin Duncan 
for especially calling my attention to this circumstance. 
There is unfortunately no question but that many of the 
identifications of Indian tertiary fossils made by the aid of 
Messrs. D’Archiac and Haime's work are erroneous, wT>d 
amongst the names that will require revision are nnn> p of 
those contained in the lists drawn up by Mr. Fedden and 
myself, and published as an appendix to the description of 
the geology of Western Sind in the seventeenth volume of 
these memoirs. Most of the lists of tertiary invertebrata 
quoted in the Manual of the Qeology of India suffer &om 
the same disadvantage. 

The season’s work, of which the present memoir gives 
an account, was devoted mainly to the other branch of the 
process, to ihe endeavour to trace a connexion between the 
tertiary deposits of Sind and those of the Punjab by follow* 
ing ihe rocks themselves to the northward. Thie results, 
as will be seen, were fairly successful, and in the case of the 
lower btanobhar or Siwalik beds some interesting additiona 
were rqade to the fauna previously known. At the 
time a roU|^ gbologioal sketch vras made of a conaidbrable 
tract of country, not always very easy of access, along the' 
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frontiei? of British India. This tract had hitherto been 
represented by a blank upon the geological map. 

In the course of the season’s work it was necessary to 
traverse a portion of the ground in the Boldn Pass and near 
Quetta, recently described by Mr. Griesbach in the eight- 
eenth volume of these memoirs. On some geological ques- 
tions, I have come to conclusions differing from his, and I 
have, in the following pages, explained the differences be- 
tween us and my reasons for not concurring in Mr. Gries- 
bach’s opinions. Some suiq)ri8e has been expressed in Europe 
at the circumstance that members of the Indian Geological 
Siurvey publish criticisms of each other’s work ; it is there- 
fore necessary to explain that the opportunities for doing 
so are comparatively rare; that it is very unusual for one 
surveyor to examine the work of another immediately after 
an accoimt of the latter has appeared, and also that, owing 
to the size of the country, and to many parts of it being 
difficult of access, anything like efficient supervision of the 
work is impracticable, whilst there are no independent 
scientific observers, as in Europe, to callattei^ticm to mistakes 
and to enforce the necessity of caution in expressing 
opinions. In fact the want of intdligent .external criticism 
is one of the most serious disadvantag^es under which the 
Indian Survey labours, and the cmly method of compensat- 
ing for. this drawback, and of obtaining the scientific ad- 
vantages that always result from a discussum of different 
views, is for Indian Surveyors to oritioise each other’s w<»k 
and to notice all points on which difference of opinion exists. 
Even if no other advantage be gained, future observers, by 
bong placed in possession of both sides of the question, wiU 
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hare an oj^xirtunity of aaoertaining by further reaaaioh 
which opinion is better founded. 

It is scarcely necessary to say that geolc^oal surr^ing 
on the frontier of India and beyond it, especially around 
the Punjab, is ooly practicable with much more assistance 
from the. Civil and Iii^ilitary authorities than is requisite in 
more settled ptirts of the country. I was greatly indebted, 
not only for official assistance, but for much personal kind' 
ness, to the officers of^e Punjab Government and of the 
Baluchistan Agency, and especially to Sir B. Egerton, Lieu* 
tenant'Govemor of the Punjab, Colonel Ommaney, the Com* 
missioner of the Derajat, and Mr. Fryer, Deputy Com* 
missioner of Dera Ghazi Khan. I am under at least equal 
obligations to my old friend Sir 0. B. St^ John and to 
Colonel Waterfield, who occupied in succession the post of 
Political Agent to the Governor General at Quetta, and to 
Mr. Bruce, Assistant Political Agent at Jacobabad, It 
would make too long a list to mention all by name to whom 
I am indebted, but I must express my acknowledgments to 
General Edwardes of Quetta, Colonel Chambers, 34th Bombay 
Native Infantry, who commanded at Each, and, above all, 
Colond Lance, 2nd Punjab Cavalry, of Dera Ghazi Khan. 

I am also indebted to my friend and former colleague 
Mr. A. B. Wynne for preparing the drawings used for the 
frontispieoe and some of the sections, and to Dr. E[. Wood* 
- ward of the British Museum for assistance in theillustrationB 
of Biwalikmollusca. 


Lohsoh; 
OckHter 1888. 


W. T. BLANFOBD. 
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Geological notes on the Hills in the nEighbottehoob 
OE THE Sind and Punjab Frontier between Quetta 
AND Dera Ghazi Khan, by W. T. Blanpoed, F.B.S., 
&c., Deputy Superintendent^ Oeologieal Survey. 


PART I.— GENERAL. 
CHAPTER I. 


INTRODUCTION. — PERVIOUS OB8XEVBE8. 


The principal object of the field work done by me in the season 
1S81-82 was to trace northward the well marked 

Plin of ■eofon’i work. , • • . i i ‘ • 

senes of tertiary rocks,^ of which the age has been 

determined by the oocurrenoe of marine fossils at several diflbrent hori- 

aons Sind* and tp ascertain how &r the classiGcation esiablisbed in 


that provinoe oonld be applied to the tertiary beds of the Pm^jab. As is 
well known, in oonseqnenoe of the absence of marine ibssils, or of any 
well marked anbdivisiona, it has hitherto been fonnd impmetioabl% in ^ 
the last named area, to determine the age of the beds above the eeepBsf, 

^ ) 
IfssMan of ihs QoolsiM Swfsy ^ Yot EX, Ft E 
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and their relations to corresponding strata in other countries^ with suf- 
ficient exactitude. 

The route I followed was the following ; — 

Starting from Sibi, the present terminus of the railway, I marched 
by the Boldn route to Quetta, and after a few days spent at that place 
1 returned by the Harnai road to Sibi again. I thence proceeded to Jacob- 

^ ^ , abad, skirting the western border of the Bugti 

Konte followed. .. T 

hills, and again, leaving Jacobabad, 1 marched vid 

Bugti Dera,' in the heart of the Bugti country, Siah Tank, the Sham 
plain and the Ghdchar ’ Bass to Harrand in the Southern Derajdt, and 
near the south-eastern extremity of the Punjab. From Harrand I pro- 
ceeded to examine the Sulemdn range, and 1 had marched northward along 
its eastern watershed as far as Mangrotha, 50 miles north of Dera Ghazi 
Khan, when I was compelled by illness to leave the field, and I was un-^ 
able to resume work. Had I not been thus interrupted I might have ex- 
amined the eastern slopes of the Suleman range for about 80 miles 
Diffloolty of examining further north, as far as the frontier of Dera Ismail 
ncthern Suleman area. K^an. South of this frontier the tribes inhabiting 
the hills are friendly Baluchis, but to the northward all the hill tract is 
occupied by Fathan tribes, and any attempt to enter the country without 
a very considerable military force would certainly prove a failure. Very 
little additional information as to the Sulemdn range could consequently 
have been gained, and time would not have sufficed in any case for the 
examination of the Northern Punjab. 

The tract thus traversed is the border of the Baluch and Afghan 
Geography of area ex- highlands. To the eastward the plain of the 
amined. Indus valley is nearly coterminous with the British 

frontier, the foot of the hills being, throughout the southern Derajdt 
(or districts of Dera Ismail Kh6n and Dera Gh&zi Kh6n), the limit of 
British territory. To the westward a considerable tract of plain, includ- 

1 Called Sehif or Bugti D«ra on th« aocompanying map. The flrat name properly 
appUea to the surrounding dietriot, not to the fort and small town. 

> Caidiar on map. 

( 106 ) 
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Tracts left unTiiited. 


ing all the Kachhi or flat coontry around Sibi, Bhdg« Oand£va, fte., be- 
longs to Baluchistan. The Kaobbi may be described as a great guU-like 
expanse of level ground running north from Sind between the hill ranges 
of Baluchistan. With the exception of a small portion of Southern 
Afghanistan^ all the area examined cs outside the British frontier. 

Owing to want of time it w^s impossible to examine two tracts of 
country in the neighbourhood of the route, and a 
knowledge of the geology of these areas is still a 
desideratum. One is the range of hills along the western side of Kachhi 
between the northern boundary of Sind and the entrance to the BoUtn 
Pass. The other is the Mari country east and north-east of Sibi. Somo 
sulphur mines occur in the former locality near Bagh, and it is possible 
that mesozoic rocks are found, for Dr. Belle w ^ states that in the Miloh 
(Mula) Pass, 20 miles beyond Oanddva on the road to Khozd&r, ** every 
pebble and every rock is full of madrepores, ammonites, belsmnites, 
oysters, and other marine fossils.^' In t\\^ Mari hills there is a reported 
Petroleum of Mari petroleum locality. The ground between the 
BoUn and Harnai routes still requires examination, 
although an attempt is made in the accompanying map to suggest the 
probable distribution of the different systems of rocks. 

How far the objects of the season’s work were attained will be shown 
Beinlts of season’s some length in the following pages. The priu* 
cipal results, however, may be briefly summarized. 
It should be remembered that the sequence of tertiary and upper creta* 
ceous strata in Sind,* and tbeir age, according to the geological scale 
adopted in Europe, are the following 


Sequence of beds in 1. Manobhoz orC Upper . Pliocene. 

Siwalik i Lower . Upper Miooene. 

2. Gdj Iliooeneu 

' From tbe Indus to the Tigris, p. 40. The obseirations were made on a harried jour. 
nej, and there is, I think, a possibility that eocene focsils may have been mistsken' for am- 
monites and bslepunites, for the author doSs not profoss any special knowledge of pelmon- 
tology. 

* llem. O. S. I., Tol. XVII, Pt. 1, p. SZ, and Mannal of tho Qoologj of India, p. 447. 

( 107 ) 



4 ’ 


BLANFOBD: HILLS FROM qUSTTA TO DEBA GHAZl KHAN. 


5. 

4. 

6 . 

6 . 

7 . 


Nari 


Upper 

Lower 




Khirthar . 
Ranikot 
Deccan trap, 
Cardita heoM^ I 
uton^t beds* and T 
sandstones . ) 
Limestone with | 
Sippurit . 3 


. Lower Miocene P 
. Oligooene. 

. Eocene. 

Lower Eocene. 


Passage beds 
, cretaceous 
tiary. 


between 
and ter- 
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Of these various systems and groups, the Siwalik or Manchhar conti- 

Representfttibn of Sind almost unaltered from Sind into the Western 

groups to nortbwHid. Punjab, both the upper and lower subdivisions 

being not only well represented, but easily distinguishable from each 
other, as far north as the Suleman range was examined. The lower sub- 
division, however, is wanting near Sibi and Quetta. Of the Gaj group,* 
on the other hand, no trace was detected north of Sind, the beds near 
Quetta and Sibi that were referred to that group by Mr. Griesbach * 
being, 1 think, certainly Siwalik, as will be shown subsequently. The 
oligocene limestone (lower Nari) was seen at one locality in the Bolan 
Pass, but is wanting throughout the rest of the country ; the upper Nari 
sandstones, however, although not ol served in the Bolan, and absent on 
the Harnai route, and throughout the greater portion of the Bugti hills, 
re-appear to the eastward, and are found fairly represented throughout 
the eastern flank of the Sulemdn range as far north as the examination 
was carried. Thus it will be seen that the change in the upper tertiary 
beds, in passing from the Khirthar range of Sind to the Sulemdn' of the 
Punjab, consists in the entire disappearance of the two marine subdivi- 


* Theie and the underlying landstones I have hitherto {1. e.) cHesed as oretaceoui. The 
examination of the oorale and eohinoderme by Frofeaeor P. M. Duncnn ehowa, however, that, 
despite some species with very marked cretaceous affinities, there is, on the whole, a pro- 
XK>nderance of tertiary forms. I'he olive shales too, which form a considerable proportion of 
the subdivision, prove, further north, to be oharaoteristic eocene beds, and there seems ^;ioat 
reason to believe that the Cardita htaamonli beds, whatever their exact age may be, most 
be classed for stratigraphical reasons with the eocene rather than with the cretoceons 
system of Western India. 

I Mem. G. 8. 1., Vol. XVIII., Ft. 1, p. 18. 

( 108 ), 
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sioQs^ tile lower Nari (oligooene) aod 4lie G^j (miooene) tof the flfit 
hamed hills. 

‘ Of the older tertiary beds the Dummnlitio gr)up or Khirthar of Sind 
is everywhere well ropresentedj but the ilauikot has not haen detected, 
again^ and appearn v<»ry possibly 'L be a local stage with a {H^aliar and 
rich fauna, 'flie eocene beds of the Sulem^n range have St the base a 
considerable thickne^ of hard brown sandstone. 


The geologists wt/| have described portions o£ the area noticed are 
not numerous, and with but very few exceptions 

Prex'ioui obtorvon. 

their attention was confined to the Bolan Pass 
and its neighbourhood. Only two papers of any importance— one by 
Captain Vicary, on the Bugti hills, the other by Mr. Ball, on a section 
across the Suleman range — refer to other parts of the area traversed. 
It will be most convenient to notice first the geological descriptions of 
the Bolan Pass and its vicinity, including Quetta, by themselves, and 
then to pass in brief review the papers referring to the geology of other 
parts of the area. 

Most of the travellers who visited Afghanistan before the first 

Pnpen on BoUn Pbm Afghan war passed at one time or another through 
and neighbourhood. Bolan Pass, which then, as now, was the 

principal trade route between Sind and Afghanistan. Descriptions of 
the pass were g^ven by Cpnolly, Masson, and others, but no details 
were mentioned of geological interest. 

In Dr. Griffiths^ Extracts from reports on subjects connected with 
Afghanistan,^^ published in 1841,^ he called atten- 
tion to the peculiar forms of the valleys and 
plains of A^hanistan, and cited as examples some of those aronnd 
Quetta. He especially noticed the dopes of gravel, or glacis slopes^' 
as be very appropriately cdled them, along the margins 6l the plains. 


Griffithii, 1841. 


W.A.aB . Vol.X,p.806. 
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He d^ered from Lord/ wKo attributed the drainage of the valleys 

around Cabul, supposed to have been originally lakes^ to a great rush of 

water through the Khyber Pass. In Dr. Griffiths' 
Griffiths, 1847. . . 

" Private Journals/' published in 1 847, there are 

many notes/ chiefly botanical, on the observations made by their author 

in the Bolan Pass, but few, if any, of geological interest. 

In the Journal of the Royal Geographical Society for 1842 ^ is an 

extract from a letter written by an officer in the 
Anon., 1842. ^ . 

Bengal Artillery and giving some notes on the 

BoMu Pass. These include a few details of the rocks ; the coal near 

Ab-i-g^m (Mach) is especially mentioned, and its high dip graphically 

represented. 


Anon., 1842. 


The earliest detailed account of the geology of the Bolan Pass was 
Hutton 1846 published in 1846 by Captain T. Hutton, in his^- 

Notes on the geology and mineralogy of Afghan, 
istan."* After describing the sulphur mines of Bagh, he gave an account 
of the low hills on the road between Bagh and Dadar, noticed the presence 
of foliated gypsum, and referred the beds to the tertiary period, to which, 
when Hutton wrote, the nummulitics were not supposed to belong. He 
then described the rocks at the entrance to the Bol4n as composed of alter- 
nating strata of sandstone, clay, and conglomerate. He recorded the ap- 
pearance above Condye (Kohandil£ni) of nummulitic limestone, and its 
identity with the rook seen at Sukkur on the Indus, and gave an account 
of the stony plain of Keirtah (Kirta), which he says is enclosed on 
the left (west) by strata of sand and clay and on the right (east) by 
nummulitic limestone. This is not quite the case ; nummulitic lime- 
stone occurs on both sides, but there are some argillaceous and sandy 
beds underlying the limestone. 


’ J. A. S. B., Vol. VII, p. 621. Dr. Lord’s paper entitled ** Some account of the 
Hoh-i- Daman, the mining district of Qhorband and the pass of Hindu-Eosh” is a yaluable 
contribution to the geology of Afghanistan. At has been orerlooked bj Mr. Qriesbaeh, and 
is not included in his list of papers on the geology. 

>Vages 880*841. 

•Vol. XII, p. 100. 

• Csloutta Jonr. Net. Hist., Vol. VI. p. 662. 

( no ) 
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Near Ab-i-^m, Captain Hutton found maa e e i , not in iiiu^ of in* 
.dorated marlj clay oontaining fresh-water shells^ amongat which Mr, 
Benson recognised Malania pyramii (M^ liAerf^ulaia) , M, (AT. 

seabra), and Planorbis indieus (P. erusiusj, also Unio, C/tr^n (f.e., Cof- 
bicula), and Paludina, Captain Hutton could not tall precisely whence 
tde fragments came, but thQsgkt they were washed dr-vrn from some 
of the hills, and he remarked upon the occurrence of similar shells in 
8iwalik strata. These fossils do not appear tu hare beeiA noticed bj 
subsequent observeas. No mollusca have yet been obtained from the 
Upper Siwalik beds of Sind or of the Western Punjab, whilst the fossi- 
liferous Lower Siwaliks are not known to occur in the BoUin Pass. Per- 
haps, the marls with shells were of post-tertiary age. 

The rocks of the upper part of the pass were equally well observed, 
but, misled apparently by the idea that the coal beds between Sir-i-BoUn 
and Ab-i-gum must bo of carboniferous age, Hutton supposed the creta- 
ceous limestones around Dozan and alo^g the borders of the Dasht-i- 
bedaolat to be mountain limestone, and the olive shales and coals of Mach 
to belong to the coal formation ; whilst he thought he found specimens 
of oolite at Ab-i-gum. The nummulitics were of course classed as cre- 
taceous. On the other hand, he recognised the resemblance of the 
sandstones and conglomerates at the foot of the pass, and opposite to 
the strata of shales near Sir-i>Bolan,^^ to the Siwalik tertiary strata, 
and if, as I suspect, the conglomerate near Sir-i-Bolan is the same as 
that about Ab-i-gum and around the Kirta plain, he was in all pro- 
bability right in both cases. 

The immense accnmnlations of rounded water-worn stones dispersed 
over such plains as that of Kirta were noticed. These accnmnlations could 
not, Hutton thought, have been formed in lakes, but must have been 

deposited in deep waters in violent agitation, and he attributed 

then^ to a great rush of water ^ dne to the elevation of the strata after the 
tertiary (•.tf., Siwalik) beds were deposited. ' 

* A papers BOW being paUisIwd in the Geologioel Magesioe wider thetlti^ 

''iWoee of e giW poet-glaeiel flood ie devoted to en nttenpt to le-estabUeh ths thooitts 
held bf Entten’e oontomporarise. 


( 111 ) 
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Passing onwards from Quetta towards Fishin^ he noticed the reear^ 
tmoe of tertiary clays and sandstones^ and remarked on the presence 
in them of foliated gypsum, as near D£dar. Hence, quite correotly, 
he identified the Pishin and Dddar rocks. He also made some Tery 
acute observations on the form of the hills, attributing it to weather- 
ing {i.e,, subaerial action), and not to lacustrine denudation, despite the 
resemblance of the valley to a lake basin. This part of the paper 
reads as if it had been written thirty years later. 

The next description to be noticed is by my friend Dr. H. Cook, 
C k 1869 published a series of papers on the geology of 

’ Kaldt (Khelat) and its neighbourhood. In one 

of these, entitled " Geological Eeport on a part of Beloochistan, pub- 
lished in 1859,^ there is an account of the geological observations 
made on a journey through the Bolan Pass. It is unnecessary to reca- 
^pitulate these, which are for the most part quite correct, at any length. 
In the hills between Mittri and Dddar conglomerate, sandstone, and 
clay with veins of gypsum, the whole covered by a thin layer of pebbles, 
were observed ; then after a brief notice of a pass in the main range, 
5 miles north of Dddar, the entrance of the Boldn Pass was described 
through clay, sandstone, and conglomerate. Dr. Cook appears to have 
looked upon the whole gorge above Kohandildni as composed cl the latter. 
The fact is that the nummulitic limestone in eontact with the con- 
glomerate is so nodular, that it is not easy, without looking at them 
closely, to distinguish the two, the conglomerate being composed of 
fragments derived from the limestone.’ 

Dr. Cook noticed the clays and shales below the limestone on the 
road from Kohandildni to Kirta, and gave a good description of the 
road from Kirta to Ab-i-giim. He observed the conglomerate range 

> Trani. Med. Fliyi. Soo., Bombeji No. 6^ New Beriee, p. 105. The paper wae printed 
In thenbaenoe of the anthor, and is ftiU of misprints. 

* Mr. Griesbaoh, Mem.G. S. I., VoL XTlIl, p. 80, says that passing throngh this lime- 
stone at night» he mistook it at first for oonglomerate ; and 1, when riding np the pose* 
bad gone oonm distance beyond the junction before 1 noticed that 1 had entered the 
limestone. 

( ii** ) 
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at the base of the hills west of the last named plaoe^ the coal at the 
• halting place of Ab-i^gdm (probably that now called Mach, as it was 
said to "be 6 miles from Sir-i-BoMn)^ the alsence of nnmmitUtos in 
the limestones above 8ir-i-Bol£n^ and the thin strata of yellow^ red, and 
white limestones. 

In his summary he distiognishes between the san^i^ones^ conglo^ 
merates^ and clays e^t of Dddar^ and those at the bottom of the Boldn, 
as so many others have done. The fhoi ia, I believe, Ihat^e beds b^ 
long to the same system and even to the same subdivision, Upper 8i- 
walik, but the rocks east of Didar are less disturbed. He did not recog- 
nise the pretertiary age oi the limestones west of Sir-i-Boldn, although 
he noticed the absence of nummulites. 


Hogbes, 1877. 


Mr. A. 'W. Hughes in a work called ** Balochistan '' (1877) has taken 
all the information he gives on the geology from 
Dr. Cook.^ A few details on the geology of the 
Bolin Pass are derived from the same authority.* 

In 1879 I exhibited some specimens of Hippuritei from Siahgai 

Exhibitiou of Hippo- Siasgai), 70 miles east-northeast of Quetta, at 
riteipi879. ameetingofthe Asiatic Society of Bengal.’ These 

specimens, which were well preserved, were collected by Dr. Oldham, of 
the 1st Ghurka regiment, and were the first evidence brought forward 
of the occurrence of hippuritic limestone in Southern Afghanistan. 

In various geographical papers published after the second Afghan 
Oeof^pbiMl p.pm, campaign, and especiidly in those by Sir M. A. 

Biddnlph,* Sir B. Temple,* and Captain T. H. 


1880-81. 


> PSges 11-14. 

• Geology, and, I may add, soology and botany are only iDcidentaUy mentioDfd In Mr* 

works on Sind and Balnchistan, but bis remarks are not always oorrset. For {nstanot, 
he says (Balochistan, p. 14) that little or nothing appears to be known of the geologic 
ftainroi of the mountains in Ksldti and Persian Makr^ It is trao thst Tsry little Is 
known, ^ stilh as he quotes Mejor St. John as an antfaority for the geography, and most 
apparently haTe derirsd the detaile be qootsa from the ilist rolame of " Eesfeem Perafatfi,* 
be must here orerlooksd the few geological notes in the second Tolnaie. 

• Free. A. 8. B., 1670, p.00S. 

^ Aroe. B. CT. 8., ISSa Pb SU. 

• Ibid, 1880, p.U0. 
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the physical features of the Bolaul Pass and the neighbourhood 
of Quetta are frequently noticed. These features are precisely those which 
attracted the attention of Hutton^ Griffiths^ Vicary, and others 80 years 
earlier ; the wide alluvial plains with glacis-like slopes of gravel along 
their margins^ and the long ridges of hills crossed by occasional clefts 
through which streams find their way to lower levels. 

By far the most important and complete geological description of 

^ , the £ol4n Pass and the neighbourhood of Quetta. 

the first indeed made by a professional geologist^ 
is that by my colleague Mr. Griesbach,* published in 1881. He traversed 
the Boldn twice and spent some weeks at Quetta. The state of the 
country was unfavourable for geological surveying, and he was able to 
see but little beyond the immediate neighbourhood of the route itself. 
The systems and subdivisions identified by Mr. Griesbach in the region 
visited by him are the following (p. 9) : — 

Recent • 

Post-pliocene 
Pliocene 
Miocene 

Eocene 

Cretaoeons . 

With many of Mr. Qriesbach^s observations I fully agree, but there are 
a few points on which I have come to a different conclusion. A consider- 
able portion of the route surveyed by him, — all, in fact, west of the Ghazia- 
band Pass, is beyond the area visited by myself. My opportunities for 
examining the Boldn Pass and the hills around Quetta, owing to^he 
short period of .time that 1 could devote to them, were less than Mr, 
Griesbach’s, and I should hesitate to express opinions opposed to his, 

1 Froo. B.G.S.»l881.p.65. 

* Report on the Geology of the section between the BolAn Pass in BihlohiitMi and 
Oi^hk in Southern Afghanistan, Mem. G. S. U Vol. XVIll. Pt. 1. 
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. Alluvial and odrial. 

. Conglomerates, clays, Ac. 

. 1. Maochhan (Siwaliks). 

. 2. Gdj beds, 
r 3. Nummulitic limestone 
■ < 4. Ranikot group. 

' 5. Alveolina limestone, 
r 6. Deccan traps, Ac. 

* } cretaceous limestones, shales, Ac. 

' 8. Hippuritic limestone and contemporaneous traps. 


li: 


Nummulitic limestone. 
Sandstones, shales, Ac. 



PRBTIOU8 


ll 


were it aot that I have had maeh better opportaaitiee of beoomiikg 
acquainted with the rooka of Western Indian and espeoudly with the 
tertiary strata^ than he'has^ and that I think in one or two oases he is 
mistaken in his interpretation of particular sections. Qb the relations of 
beds to each other and on queetiuiis of physical geology, V ^ Oriesbaoh 
18 ^ of course^ equally eutitltMl to express opinions with and I can 

only ^ve mf reasons for not concniring with 
diffe?rncr Mr! him. ‘ The principal points of different*; between ns 

Griesbach and writer. following: I think (1) that the beds 

identified by him as G4j are really Siwalik, and that the identification 
is founded on erroneous data ; that (2) his lowest stage of the eocene 
system in the BoUn Pass and near Quetta, the Alveolina limestonej cannot 
be accepted as a definite subdivision ; that (8) some of the beds claseed 
by him as trappean or trappoid, and upper cretaceous, are not of volcanic 
origin nor composed of volcanic rocks, and that they are of eocene age; 
and (4) that he is mistaken in believing that certain upper cretaceous 
beds occur in tbe Takdtu range near Qnetta, and in representing them 
as thus occurring in fig. 5, p. 29. The above are all, I think, sufficiently 
important difEerenoes to require notice. A few minor points will be dis- 
cussed in the descriptions of my observations in detail. 

Tbe observations on the geology, in consequence of which I am in- 
dneed to difi^er from Mr. Oriesbaoh, will be stated hereafter at greater 
length. To avoid recapitulation, I shall now only refer to the more im- 
portant. I have numbered above the four questions that appear to me to 
require discussion, and shall deal with them in order, hegimnng with 
the supposed G4j beds. 

1. The low hills on tbe western side of Kaohhi that aie traversed 

Whether eertein beds ^7 ^ Boldn Pass between Mittri 

ere GAj or Siwelik. Dddar ooDi^ of days, soft sandstones, and 

oon^omeratio beds, and contain some gypsnm. These beds are (quite 
correctly, 1 believe) identified by Mr. Grieshach with certain aandv 
^.atones, conglomerates, and varioualyeolonred clays, also oontainiag gy|U 
sum, which oconpy the northern extremity of the Chehiltan or Kasakw 
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iBfige; immediately west of Quetta^ and form the greater part of the 
next range to the westward^ the Mashalak ^ range, traversed by the 
Ghdziaband Pass. They are also largely developed in the Pishin valley, 
north of Quetta. 

These beds near Dadar and near Quetta are so positively stated * by 

Kocka near DAdar Griesbach to belong to the Odj group, that 

before 1 give my reason for dissenting, I think 
it is only fair to say that Mr. Griesbach has never, 1 believe, seen any G^’ 
beds, whereas these beds were originally distinguished by Mr. Fedden 
and myself, and 1 have examined the whole series of outcrops known 
between Cape Monze, west of Kat^hi, and the northern extremity of 
Sind. I can see no resemblance between the typical Gdj strata and the beds 
near D£dar and Quetta ; the characteristic rocks of the former are brown 
limestones, intercalated amongst soft sandy shales, brown to olive green 
in colour ; the latter consist of pale brown sandstones, soft conglomerates 
or gravels, and clays of various colours. It is true that red and olive 
clays with white gypsum occur at the top of the Gdj beds at the river GA j 
and for some distance north of it, but these beds pass gradually into 
precisely similar strata belonging to the overlying Manchhar group, * 
and there is no such striking similarity between the olive clays of the 
Upper Gaj and the white clays of the Dddar and Quetta hills, even al- 
though red beds are intercalated in both cases, as to show that the strata 
comprising them are identical. Red clays, of one tint or another, and 
gypsum are found in every tertiary subdivision of Western India, from 
Upper Siwalik to Banikot. 

* Thii it the name given in the earvey map Mr. Griesbaoh calls the range Dinar, 
is not improbable that dijterent names are nsed for diffei*ent portions of the range. 

* That tbk is the oaso, is, 1 think, shown by tbe following quotations from his 
wpost t— *• 

^STeaf the boundary between Bilnohiitan and Afghanistan, 1 first noticed rocks, which 
I oonld at once identity with the GAj group as described by*Mr. Blanford in Sind,'* 1. c. p. 18. 

**The appqprance and position of the rocks is so characteristic that there can be no 
doubt that it is the GAj group fif Sind,'* p. 20. 

The gnunmar and constmotion of the last sentence are probably due to some press error 
Imtibere cannot^ I think, he any question as to the meaning. 

* llem. O. flL I.. Vol, XVIT, p. H. See also p. 01. 
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But whilst I can see no rasemblanoe between tiie miooene 04| 
strata of Sind and the beds near Dddar and Quetta, the latter appetr 
to be absolutely the same as the pliocene Siwalik or Manohhar toiAb 
of their own immediate neighbonriiood. Mr. Oriesbaeh has, I thmk, 
quite correctly identified the rocks of the Mdri gorge nerth of Sibiand 
those of Pir Choki, at the f^iot of the Boldn, with 6he MaDwAharSt Now the 
sandstones of the Xdri and Bol^n seclions appear to roe andiatinguishabla 
from those east of D&dar and those of OlWheiaband ; the ooiiglomeraies 
are similar, and contain the same pebbles, and the clays only differ in 
the paucity or absence of red and white beds in the Nfiri and Boldn 
sections. The presence of gypsum and its mode of occurrence were 
noticed by Mr. Griesbach himself^ in the N&ri gorge. This gypsum 
moreover, although its mere presence is unimportant, does, by its mode 
of occurrence, afford some evidence of connexion between the beds, for 
in all the localities mentioned, and in places on the western margin of 
the Bugti hills, the mineral occurs in thin plates, filling cracks that 
rnn across .the bedding in various directions ; and in the Western Bug^ 
hills, where alone, of all the places named, l)oth Upper and Lower 
Siwaliks occur, this form of gypsum is peculiar to the tipper sub- 
division. The absence of any grey (pepper and salt) sandstones, and 
of conglomeratic beds containing clay and sandstone pellets, together 
with the occurrence of nummulitic limestone pebbles, proves, 1 think, 
that the beds east of D^dar and those of the Gh^ziaband Pass near 
Quetta are Upper and not Lower Siwaliks, and that they belong to 
the same subdivision as the strata of the Niri and lower Bolda 
sections. 

Mr. Griesbach considers that 4he position and appearance of the 
Ghdziaband rocks prove them to be the Gfij group. I have diown why 
I cannot coincide with thU view of their appearanee. Am to their poei« 
tion,^ it is true that both overlie eocene beds,* but the Glj gfoilp 

>^1S. 

* Mr. OriahMk mom tint Oij b«di eem. in imiiMdl.My btMrtb Hh. Itftiwfc 

liiin,uidUM Mdwb.d.nid.rii.tlMlU]ielihHBwSiinUk..(PtrClwkL TUili^a^i4ia 

( w ^ 
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ttlmost always rests conformably on the Nari (lower miocene or oligo- 
oene), whilst the Ghdziaband beds rest unconformably on nummulitio 
strata (eocene). The position therefore is not identical^ although taken 
alone it affords no evidence one way or the other. 

It is evidentj however^ that one of Mr. Griesbach^s chief reasons for 
identifying the beds of Ghdziaband and D4dar with the G4j of Sind^ is 
the occurrence of gypsum in the former^ and his belief that gdj is the 
Pushtu name for gypsum.^ 1 suppose that he insists upon this Pushtu 
The Pushtu name for word under the impression that the Gdj beds were 
gypsum. named in consequence of their containing 

gypsum. This is not the case ; the term, as has been, I think, distinctly 
stated,^ was derived from a river in Sind, and this river traverses a 
country where Pushtu is unknown. I have made enquiries from Europeans 
well acquainted with Baluchi and Sindhi, and also from natives, but 
all agree that the name of the river Gaj is of unknown signification. 
Moreover, so far as I could ascertain, gdj is not the Pushtu for gypsum, 
nor could 1 leurn that any such word exists in Pushtu.^ 


he shown hereafter, is rather doubtful, but as the Siwalik beds are many thousand feet 
thick (there can scarcely be much less than 7,000 to 8,000 feet exposed in the NAri section), 
the DAdar beds might well underlie those of Fir Choki, where the whole thickness is not 
exposed, and yet belong to the Siwalik system. 

^ Thus he says (p. 19) of the DAdar beds : '* The existence of numerous masses and 
irregular beds of gypsum (Pushtu : gdj) at once suggested the identification with 
Elanford's G&j group. At page 21 and page 59 ho repeats the statement that gij is the 
Pushtu for gypsum. 

* Bee. Q. S. L, Vol. IX, p. 9. Mem. G. 8. 1., Vol, XVII, p. 58.— Manual of Geology of 
India, p. 468. 

s Two words were given to me hy different people as the Pushtu for gypsum. 
Mr. Ingle, the Assistant Political Agent at Quetta, made enquiries amongst the native 
employds, and was Informed that the Pushtu word used was oskAtfr. The head man of 
Mehtarsai village, close to the GhAziaband Pass, and to places whence the mineral is pro- 
cured for building purposes, called it aato^. Both ignored the word gdj, 

1 am indebted to Sir O. B. St. John, who had noticed Mr. Grieshach’s mistake, for the 
following very probable explanation. There is a Persian word gaoh (pronounced to rhyme 
with #i(oA), which means either gypsum or plaster made from burnt gypsum (plaster of 
Paris in fact). Such plaster is used very largely in Persia and Afghanistan instead of 
mortar, and the Pushtu builders, who have prq^ably derived the art of building with plaster 
from ^e Persians, use the Persian term for that material. Mr. Griesbadli most, 1 think, 
have oonfbunded the two words gmah and gij, 
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t. There is, 1 beUeve, neither in the Bolin PheenOT near Quetta, 
wuthar the "iiTeo- buv definite stage or aubdieision that oaa bo 

liaa fornu a 

definite stege. Called the Jheolina limeetone at the base of the 

eocene. Mveolina, like nummulites^ are found throughout the ajeteaBj 
from top to bottom^ in plocei. Thus at Spintangi, on the Atmas route, 
and also at Tang on the road from Qnat-Mandki tr Thk!-Skotia$ there 
is a thick band of jocene limestone aboundiag in Ai^^olina and Nmmmn* 
lites. This band ox illnestone is near the top of the system, there being 
only 500 to 1,000 feet of shales overlying. Again, at a spot in the 
Bngti bills, at the western extremity of the Zen range, north-east of 
Shahpur, Alveolina abound in the uppermost eocene bed together with 
Nummnlhjt, There is, in this last case especially, no reason to suspect 
any removal of higher eocene beds by denudation, the overlying strata, 
Lower Siwalik, being to all appearance conformable. On the other hand 
both Alveolina and Numntulitea are often found in' beds at or near the 


base of the eocene. 1 did not myself notice Alveohna (although I found 
Nummulitee) in the beds beneath the eocene (Mach) shales (Ranikot 
group of Griesbach) near Sir-i-Bolan, but this is of trifling importance ; 
the distribution of these Foraminifera is far from uniform, and if two 
of us examined the same bed at places a few yards apart, one might 
easily find Alveolina and the other none. The point 1 wish to insist 
upon is, that to subdivide the eocene system, in descending sequence, into 
nummulitic limestone, Banikot beds and Alveolina limestone is not cor- 
rect BO far as my knowledge extends, because the Nwmmuliiee are 
not confined to the upper subdivision nor the Alveolina to the lower, 
and becanse, so far as I have seen, there is no distinct band of limestone, 
whether characterised by the abundance of Alveolina or not^ of sufikient 
importance to be distinguished as a primary subdiviBion or stage, eitlier 
in the Bolan Pass or near Quetta, at the base of the eocene system. For 


1 hofn not entered into the qneition whether, if a4f reellj were the Pnehta neme 
STpean, the opinddenoe would be e vnli^peeioa for oleieing the gype lf tr e ne reeks nesv 
Qnelte with the Gdj gronp ef fiiod, beeeiiie that is a metier on whieh 1 tliliik eay fsebplet 
oea judge for himeelf, 
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jnSisoxiB to be given' hereafter^ 1 should prefer not to use the term Rani- 
kot group for the beds of the Boldn^ but this is of small importance^ 
as 1 quite agree that the. two may be of the same or nearly the same 
age. 

Whether certain beds 8. The upper cretaceous beds near Quetta are 
«Dd *1*“® olassiBed by Mr. Griesbach (p. 84) , in deBcend- 

volcanic material. iug Q^der : — 

6. Pasiago beds : ahalea and limeatonea. 

6. Liver-coloured slialea and grita, trap. 

4. Hard dark limeatoue. 

8. Bed, white and variegated ahali» and argillaceous limeBtones. 

2. Hard, grey liineatone ; iMOceromua, corals. 

1. Hippuritic limestone. 

A description of the section west of Kari (at the northern end of the 
Chehiltau range ) , from which the above classification is deduced^ is g^ven 
on the next page (35) | and two figures of sections through part of 
the range on page 37. Some details of one of these sections from my 
observations will be found in a subsequent page of the present Memoir (in 
Chapter V). 

1 believe that the two uppermost subdivisions^ 5 and 6^ are eocene. 
There cannot^ 1 think, be any doubt about my identification of the beds 
in Mr. Griesbach^s section. 1 recognised them easily from the hgures and 
description. The division marked 5 is, however, very much thicker than it 
is represented in the section. I do not quite understand the shales be- 
ing described as liver-coloured.^^* All I saw were pale greenish-grey 
or olive, the common colour of the eoceue shales throughout the systenf 
from top to bottom. These shales of the Chehiltau range seemed to 
me to be clearly the same as those seen north of Quetta^ at the base of 
Tak&tu mountain/ where bands of limestone abounding in nummulites 
and AlveoUna are intercalated with them. 1 think too there can be no 

1 By " liver-oolourtd ** X understand a zeddlsb-brown spproaohiug chestnut. The term 
is commonly applied in this Mnee to dogs, e. ^a ** liver-ooloured '* poihtes. 

* were ooneidered identical by Mr. Graeebaoh alio. 

( wo ) ■ 
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s«t 0 OiiiiUa doubt tb»t the rimkNi witb ooal oUMMd hy boMi ol nmm ooomo 
at Maoh, near 8ir«i-Bo]da, are the eame etrata. If tiiii b the eaii^ it b 
erid^t that both 6 of the eeotion near Quetta aad the overling ^ par* 
eage l^e 6 must be eocene. 

With regard to the preeenoe dioap in No. 6^ I ooiild dnd none etilier 
ail theaeotion west of Qnettaor to the Northward. Attl%b>!!iMrloeelitp 
trap is not absolutely said to occur ; Mr.43rieibsehb words (page 85) aae t 
** the shales are eyidcS^^ ^fkide up of trappean znatenals.^' At ^e base of 
Takdtu the same bed is called '' trappoid^^ (page 85), and in the figure 5, 
page 89, it is entitled ** trap band.^* In neither locality eould I find any 
yoloanic rock or any evideooc of detritus deriyed from a yolcanio forma* 
tion, and 1 carefully examined some coarse grits and conglomeratic beds«t 
both places. The shales at both localities, and in many others where tb# 
same beds are found, weather at the surface into a powdery mass, wbbh 
has an unquestionable resemblance to decomposed basalt,^ but they are, I 
believe, a form of marine sediment coloured by some silicate of iron 
piotozide. 

The trap in the Boldn I did not myself see. Mr. Oriesbach looks up* 

^ on it as representing the shales No. 5 near Quetta, 

Trap of Dolan. from the description that he giyes, the hoiison 

at the Boldn must, I think, be lower than that of the Quetta shales. If 
1 understand hb description at page 39 correctly, the shales with which 
he says that he found the trap associated between Darwdza and Doafisr 
can only be the limestone shales so well seen at Dozfin ; and these are, 

I think, clearly the same as No. 8 of Mr. Griesbacb's eeotion near 
Quetta, not the supposed trap bed No. 5. 

It b not improbable that the eupposed exbtenoe of a distinct hand of 
AipsaUma Umeetone at the base of the eocene has mbled Mr. Grbibaoh 
as to the poeition of the beds west of Qnetta. At pegs 85, he writes • 
^'a ii^all etream hes exposed a good section from the lower eoeens 

*ne4!ndcUfnefCMliBllDSi»aiid WMlmBnDfM «ii 

Im tmo Mpavato Smtasiw to W wiWnkm Sw Wf ^ 
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limestooe into the Tnoeeramu$ limestone/' and he conunencea 
fiitt deacription of the section thus ; overlying Bede, Alveolina limeetoneP 
II ia true that in the figured section, page 87> no Alveolina limeatone is 
shown. If, however, as his remarks imply, he found limestqgpe with 
Alveolina^ his mistake, or what I consider his mistake, in classing the 
shales and limestones No. 6, and shales and grits No. 5, as cretaceous 
instead of eocene, is ezplained^by his supposing that there is a definite 
band of Alveolina limestone at the base of the eocene. 

4. Takdtn hill north of Quetta, so far as I could ascertain, is entirely 

Whether eretaeeone composed of eocene rocks; the upper portion of 
bedi oocor at hue of ,, . . , ,, , « . i 

Takita. limestone with nummulites, and the lower of shales 

with which bands of nummulitic limestone are intercalated. 1 spent a 
day in examining the base of the hill between the road to Pishin and that 
to the Hamai Pass, and I marched through the latter, so that I saw tl9lr 
whole of the south-eastern and southern side of the hill. I was unable to 
find either the variegated flags " or ** Oetrea limestone " represented on 
figure 5, page 29, of Griesbacb's report. If they occur at alF and I 
have very little doubt they do, they probably crop out in the hills 
south-east of the Harnai road, along the south-eastern side of the 
ridge called Nar on the Topographical Survey map. The '' trap bandh" 
of Mr. Griesbach's section is, as already stated, the upper part of the 
eocene shales, and appears to me not volcanic. One result is that the boun- 
dary between cretaceous and eocene rocks south-east of Tak4tu, if my 
views are correct, must be drawn about 5 miles further to the south-east 
than it is represented in Mr. Griesbach's map. 

In concluding this criticism, and to prevent its being supposed that 

AddiUosi made by 1 have only objections to urge to Mr. Griesbach's 
Mr. Chrieshaoh to geo- , . . , , . . 

logioA iBlorauUoR.' work, it IS nght to point out the important addi- 
tions made to our previous knowledge by his observations. The wide 

* To loemmt for my not haTing eeen them, I mnit plead that my yiiit to Qoetta wie 
not for the pnrpoM of mapping the oonntry, and that my time was toj limited, whSlsfe, mis- 
led by Ifr. Oiieibaoh’s aooonute, Iloet the only day 1 eoald spare in banting for thepsmage 
bediT A the pla^ where he n^esent| them as ooeurriug aiong the hash of Takdtn. 
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extent oocnpied by tba oretooeont limestcmet In Soathem Afgbaiiiilittii 
tbe remarkable aMooiatkm of granitie roeka with these limestottis^ and the 
similarity of this association to ooourrences of the same kind amongsto<m« 
temporaneoiis strata in Hungary are most valuable geologioil obsenrationi* 
The resemblance of the sandy ana shaly type of eooene atrL% to the 
ftysch'^ of Central Europe is very interesting. And alihong^. J have been 
obliged to dissent fr^ the interpretation. of oeitain isottons represented 
in Mr. Oriesbach^s It is only fair to say that many of liis plates 

are not only correct^ but good representations of the geology. I msy 
cite as instanoes Plates I and IV, it beings however, understood that I do 
not accept the names given to some of the strata in the latter case. 

I am acG^inted with only a single description of the rooks seen ih 
the Bugti hills. Few geologioal papers on India 

OQ HlUSa 

haTOi however^ become more widely known than 
Captain Vicary^s Geological Report on a portion of '*the Belooohistan 
Vicary 1846 hills," originally published in the " Quarterly Jouiv 

nalof the Geological Society of London,"^ thence 
copied into the " Calcutta Journal of Natural History,"* and again ro« 
printed, som years later, by Dr. Carter in the ** Geological papers on 
Western India." * A summary of the paper and a oopy of the section 
were also given by D'Arohiao and Haime in the " Animanx fossiles dn 
groupe Nummulitique de ITnde." ^ 

The country traversed and dteoribed by Captain Vioaiy extends 
from the desert plain north of Jacobabad (a town that had no existence 
in 1846, when Captain Vicary's report was published) to the hills near 
Bern (Deyrah) on the confines between Bugti and Mari (Murray) 
territoiy. Seven ranges parallel to each other are ennmerated and 
vepresentod on the section.* These are the east and west ridges o^the 

iT<4n.iBMt|i.aeo. 

•voi:vii,p.se6. 

* Pa^m 16e-17L 

•m rortafb^aSlyO.pWnr^ fnm JaaeihaM ts Owa if 

Bhshptr gifwt fai BusW ^ psfj W. 
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Bogti ooantiy^ and most of those mentioned Captain Vioary are 
taeily traceable. The southernmost^ consisting of aandstonoj near the 
desert^ is evidently that near Uch, Qoriindrij &ic,, formed by low rises of 
Siwalik strata. The second^ also of sandstone^ and traversed by the 
'' J ullock Pass ' is the well marked range of Siwalik sandstones^ marls^ 
&c.^ that extends along the southern side of the nummulitic anticlinal 
known as Zen or Zin^ which itself is the third range. The fourth i8> 1 
thinks a part of the same range as the third, Captain Vicary, who drew 
the section from memory, having forgotten or misunderstood a slight curve 
in the strike east of Kumbi (Coombie). The fifth range, the conglomerate 
of the Dera(DeyTah) valley, is the Upper Siwalik conglomerate ridg^ along 
the north side. The sixth range or Traki (Trukkee) is the nummulitic 
limestone range north of the Dera valley, and the next ridge to the north- 
ward, that called Murray hills, is doubtless the range north of Traki, 
crossed by the rdfed to K4han, in the Mari country, at the Naffusak 
Pass. 

Most of Yicar^’s observations are good, except that he appears to 
have repeatedly mistaken the concretionary structure so often seen in 
ferruginous clays, marls, and sands for an efEeet of calcination, and to 
have been induced to suppose that the richly coloured beds of the Lower 
Siwaliks afford evidence of volcanic action (pp. 262, 265)* He also 
thought he saw the effects of volcanic agencies at Uch (Ooeh) amongst 
Upper Siwalik beds, and at Duzd BSishtak (Doza Khooshtie) in nnm- 
mulitic limestone. So far as the localities have been examined, there 
appears no reason for supposing that the phenomena observed have any 
oont^tion with igpieous action. 

l^e remarkable clefts serving for drainage, in the surface of the 
nonitaulitio limestone ranges, were not likely to escape the notice of so 
acute an observer as Vicary, who attributed them entirely to fissures 
prodqoed by the upheaval of the limestone. Some notes on these defts 
and gorges will bd found in the next chapter on Physiography, where a 
diSeveut view is taken of the manner in which they originatedt 

> UalMS this Is Ufts Lain Pass tetwMa Zorfal sod Zea-ka^Kambb 1 saa'ast tseofaiaA it 
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Amongst the most valnnble of Viouy^e dteooTeriei wee one of 
‘nrhioh the importanee vee eearoely enepeoted nntil the exnimiuitioii of 
the Sind Manchhar (Stwalik) bede. This wee the oeenmnoe of mimnMir* 
lian and reptilian bones and of moUiisoa> in the beds ibove the tmm* 
mnlitio limestone, on both side* of the range of hills eolith of Dem, 
Ihe speotmens obtained hf Viearj appear ue?er to bave ffnn ezammsd| 
bat when it was {q>and that the fragmentary mammalian remains foimd 
in the Lower M.incL^*^^ !^s of Sind belonged apparently t#* an earlier 
age than the typical Siwahk fauna, it was naturally suspected that the 
bones, said by Vieary to be found in such abundance in the Bogti hille, 
would also be the remains the more anoient epoch. This has prosed 
to be the case. shfiils referred by Vieary to Paludina and (krdi%m 
have also been found again ; the first genus was correctly identified, 
but the supposed Cardtum proves to be a curious form of Unio^ very like 
a Cardium in form and with strong radiating ribs. As will be shown in 
the sequel, these molluscs are of peculhir interest, and their association 
with the mammalian bones has served to show more clearly than ever 
the difierenoe in age between the Lower Manchhar or Lower Siwalik 
beds and ihe typical fossiliferous Upper and Middle Siwaliks at the base 
of the Himalayas. 

With the exception of Mr. Ball's paper, as already mentknied, the 
Papera on 8ol«m4a P^Wished contributions to our knowledge of the 
hilb along the westeri| frontier of the Defajdt 
^ are excessively meagre. Vigne traversed the 

Gomel Pais in the northern part of the province, and recorded the 
ooonrrenoe of mountain limestone ^ and of ammonites.* It is pjpeible 
that his supposed monntain limestone, like Fleming's, was really of later 
age, but it may have been osrboniferous, for it is evident that a dhange 
ooeme m the rocks, and in the ehanoter of the range itself, north of the 
Tskhe4*8iileiiidn. 

In a letter from Dr. Flemhig* to Sir B« L Murchison, on the 
« VtMcl aiinmlm sf a vi4t to OteiiU, IkMp aai 

«^i.a.%ydLix,ne4n 


< W ) 



pt BLAJTFOED: hills from QUITTA 10 DSEA 6HAZI KHAIT. 


GNaotogy of part of the Salem^n Range/^ published in 1853, there are 
a four notes on the rocks forming the outer ranges 

Flsmliiffa lSB8r 

near the plain of the Deraj^t. The '^belt of 
boulder deposit " separating the ''alluvial desert tract from the 
'' Sulemdn ranges is noticed, and also the derivation of the boulders 
from the rocks of the hills. The conglomerates forming the outer range 
are said to be identical with those of the Siwalik strata in the Salt 


Range, and the underlying sandstones are referred to the same system. 

Dr. Pleming went about 3 miles up the Sunghur (Sangarh) Pass 
and found nummulitic limestone beneath the Siwalik sandstones, &;c. 
The beds dip east, and he suggested that the main range forms the 
reverse slope of an anticlinal. It proves on examination to be a second 
anticlinal, the nummulitic limestones seen by Dr. Fleming forming the 
axis of the eastern convexity, and a synclinal, occupied by higher ter- 
tiaries (Siwalik, &c.] , intervening between the two. 


One remark of Dr. Fleming's proves to have been a mistake. He 
states that he found boulders of Frodvctua limestone (the carboniferous 

BrroDoon. wscomt of limestone of the Salt Range) in several water- 
ooourreBce eC FrodMctuM courses, and in a note at the end of the paper, he 

limestone. r r m 

is said to have found " boulders of white quartzite 
and Produetut limestone at the mouth of the Vadur or Vidore (mis- 
printed Yidone) Pass opposite Dera Gh6zi Khdn. The oopurrence of 
carboniferous limestone in the Sulemdn range was consequently men- 
tioned iu the '' Manual of the Geology of India " ^ on Dr. Fleming's 
authority. It is evident, after the examination of the range, that the 
ooousvenoe of carbonifetous limestone is extremely improbable, no txaoe 
of any beds older than cretaceous having been detected in the Vadur 
and Sangarh Passes, End there can be very little doubt that the limestone 
supposed by Dr. Fleming to be Produetus limestone was really the darlc 
oieta«sous limestone of the Snlem&n, and that his white quartzite was 
tbs hard upper cretaoeous sandstone. 
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Stewart, ISM. ^ 


Liftotmumt H. O. Am MMmat ui Oe mmMbk ikmA 

the wetkmt boandarjr of the ho^mit 
Dor£j4t, oommonly ealled with nolidoi of 
tlie tribM inliabitiiisr * gi^«> flomo intorMtiDg itmorko on tlMl 
physical geography of the ranges. 

The two papers next to be notioe4 refer to o gordon t^ Solemf n 
range farther north ihm the area examined bj 
J, but they are very inteiestmg, w joanse they 
show that a oomplete change takes plaee in the geology near Baimd| 
and that metamorphie rooks, and perhaps some palsBOzoio or lower meso« 
Boic bods, appear from beneath the tei tiaries. In the Proceedings of the 
Asiatic Society of Bengal * for July 1800, there are printed seme 
extracts from letters written to Dr. T. Oldham by Or. J. L. Stewart, 
who accompanied the 14th Bengal Infantry on the expedition led by 
Brigadier (afterwards Sir N.) Chamberlain into the Waziri oonntry. 
The route followed led north-west from Thk (Tduk) to Kanigoram, thence 
for some distance northward. Dr. Stewart records having passed over 
soft sandstones and conglomerates (Siwalik) and then over oaloareons 
strata, red and greenish disintegrating beds, sandstone, Sso, (unmmnlitie), 
which extended to beyond the Barrara Pass. Farther to the wcitwaidi 
ngsi^ Kanigoram, slaty beds, contorted and wavy in plaoes, were founds 
with thin sandstones. These may either be eocene beds somewhat 
disturbed and having the flysch-like aspect, or move ancient dcposito. 
Vast quantities of granitio (probably gneistio) detritus were observed, 
showing that metamorphie rooks probably occur at no great distance. 

Dr. Verehere, who aooompanied the same expedition, gave a some* 
what more ^stematio account of the oonntry in Ue 
paper On the Geology of Kashmir, the Wertarn 
Himalaya, an4 Afghan ICountains.’'* He says tiiat the expecBtioii 
traveHeed the plateaa of Basnmk at an elevation of 7,00^ feet, and thet 
the main range to the westward is oompossd of ^'volcanic, impfmlMt 
> j A a. a. voL XXVI, p. m. 

*i.Aaii.,v<a xxii.pwsiA 
>j.AAK»v<a.xxxvi,«ss7, PI Ap.ia. 
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iIHgjL Hsotunorphic rocks, ** of which pebbles are brought down by the 
terrsnts. The lower hills are said to cpnsist of miooene (Siwalikj 
probably pliocene) sandstone and conglomerate, resting upon ** nummulitio 
limestone, slate and shale/^ and beneath the latter flesh-coloured lime- 
stone, supposed to be old coral reefs, and referred with some doubt to the 
oolitic period. At one spot the supposed coral reef limestone was found 
resting on red marls and gypsum, containing quartz crystals with 
pyramidal termiajp.tions at both ends, and the same crystals are said to 
be found in the gypsum associated with rock salt and red marl at M6ri 
and Kaldb^h where the Salt Range crosses the Indus. 

In the general section attached to Dr. Verchere^s paper, miocene 
(f.s., Siwalik), nummulitio, jurassic and saliferien beds are shown 
to be repeated several times in the hills west of Bannd, but in so peco* 
liar and irregular a manner as to render it probable that the section 
cannot have been clearly understood. 

My colleague Mr. Ball visited a reported coal locality in the Luni 

^ Path&n country, west of the Sulemdn range, in 

Ball, 1874. . , 

company with Captain (now Sir R.) Sandeman, and 

described the geology seen on the route across the rang^ in 1874.^ The 

paper was illustrated by a geological map and section, which not only 

gave a good idea of the geology, but added greatly to our knowledge, 

for no geologist had ever traversed the Sulttlb'tange before. Mr. 

Ball's route ran nearly due west from Dera Gbdai Khdn paet Sakhi 

Sarwar, and he ascended the range by the MA Pass. 

The beds traversed were classifled as recent, pliocene, miocene, 
and eocene. The strata referred with eomo doubt to pliocene were the 
conglomerates at the top of the Siwilik system, and there is now no doubt 
that the age was rightly amigoed. The appearance, at the western 

» J. A. 8. B.. VoL XXXV. Pt S. 

^ Mr. Wynne, Mem. G. 8. 1., V<A. XVU, p. 818, ehew* tlmt eome of the bede weet of the 
Indtti, sefenred hy Dr. Verebere to hie ** eeUferien, ** we jnrMeio. It le impoisible to mj 
nHiether thii le the eeee in the Wniirl coontry. The peonlier ehumeter of the nwhe In 
this eoostiy north of the Ckmel Pen rmder Vigne^i note on the bede eep la the pees 
owy IntereetlnB. 

•Bee.0.8.L.VaLVn,p.ld5. 
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ticlranitj of tbe Sin Bmi^ of markad uiiooiifennitjr botirM tha fOAi^ 
meiBliei and the lowea membera of the Siwalik qratem ia prohaUf 
great meaaare at all erenta, deoeptire> and doe to an abrupt ehaiege 
of dip^ bat at the apiiie time it ia ao preoiaely kke ant tteonfonnabta 
jonotion that any one who, like jilr. Ball, only irareiaed tfia paai^ and 
did not traoe the xelationa betireea the bade to the ii^rthwaid and 
aoothward, would ^^Imoat necesaarily oonolode that the oongiomafataa 
had beoo deposited ^he inelined beds of sandstone, ok/, fto. The 

aabdiviaion of the strata below the oonglomeratea waa also impoaaibb 
to any one merely traversing them. The beds olasaed as miooene by 
Mr. Ball are partly, in all probability, of that age, partly newer. Hia 
belief, that not only tho nommnlitio limestone, but also the onderlybg 
shales and sandstone, amongst which some thin beds of coal ooonr, are 
of eocene age, is entirely in aooordance with the observations sinoe 
made on similar beds elsewhere throughout the western frontier of India. 

The repetition of the eocene rocks by alternating antiolinala and 
synclinals west of the Sulem&n ia precisely similar to the behaviour of 
the same beds in the country traversed by myself further south, and 
appears to indicate that a very large area is covered by these strata, 
whilst Mr. Ball's section adds another instance of the inconstancy in 
development of the nummulitic limestone, which he found 1,000 to 
9,000 feet thick in the hill ranges to the west of the Sulemdn, whilst 
to the eastward only a few Mht occnr. Tbe whitf sandstones noticed 
by Mr. Ball at Han-ki-der and on tbe peak of Ek Bbai, both^iitoated 
at the crest of the Snlem4n, are probably cretaoeons, as will be diown 
hereafter. The eocene coal, thongb of good quality, proved to occnr in 
aeama too tbiq to be worked with advantage. Some additiona) details will 
be found below as to tbe sulidiur of the Bozddr oountiy. 

The hat two papers to be mentioned refer to a tract which, likn the 
Warnri country described hj Das. Sfowart wad 
Verchere, h, with the oeeptioa of oiiei,iia«l|f hot 
sndialed in tbs aria leeentiy esamined by myself. These paperp nri bgr^ 
Ueutanant B. 0. Temple, and givean aooount of theeoont^iioctik^l 
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Pass^ and of the Mari coantryj traversed by the second column of 
the^Thal-Chotiali Field -Force between Pishin^ north of Quetta, and the 
Derajit close to Harrand. One of these papers was published in England; ^ 
the other, entitled ''Notes on the formation of the country passed 
through by the f nd column Thal-Chotiali Field Foroe,^^ appeared in 
India.* In the first the geological formations noticed are briefiy alluded 
to and a note is added on the specimens collected, which were examined in 
the Geological Survey Office, Calcutta.* The fossil shells obtained 
were tertiary, and specimens of syenite, diorite, and earthy amygdaloid 
occurred, besides sedimentary rocks. 

The second paper contains numerous geological details, but the 
majority of them are either, petrological, or else merely record the occur- 
rence of fossils, without specifying what the fossils are. Some doubt 
must exist as to the accuracy of the rock nomenclature, for the only 
portion of the route known to me, the Chachar Pass, is said to consist 
of a series of valleys and mountain ranges of more or less breadth, 
all of limestones, soft and hard, and of all colours. I found very 
little limestone in the Chachar Pass, nearly all the rooks are sandstones, 
shales, and clays. It is therefore a question whether the schists and 
gneiss said to occur elsewhere on the route are correctly named. So 
far as the specimens afford information, it is proJ^Able that the ground 
traversed is principally composed of eocene strata, whilst the syenite, 
diorite, and other platonic rooks may very^probably have been associated 
with hifpuritic limestone, which has been shown by Dr. Oldham^s 
speoimenB, already noticed, to occur near Mount Siasgai on the route in 
question, and which probably extends for some distance. The association 
of syenite and of basalt with hippuritio limestone west of Quetta has been 
recorded by Griesbach, and I found a basaltic formation intercalated in the 
eretaoepus beds of Each and Amadun, about 40 miles west of Siasgai. 

1 Jour. B. G. 1879. p. 190. 

>1. A.8. B., YoLXLVlll, 1S79. Ft 8, p. 108. 

s I fsooUsot theM ipedment in Gdcntta. Thef ware snob as are lraq|a«ii^ 

oollaetid bj trarellera. and althongb afforded aoma InfonnatiSn |jiS8 tbe prewdam 
wpdkM, werabunfflolant to fnrniib aaore than n wwne idaa of tba gaolo|y. 
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‘of gravel on the margine of the pkme» and attribute! .it, rightly I 
believe, to the dieintegrataon of the hill rooke, and to Iragmente beiaf 
waehed down the elopee. 


CHAPTER 11. 


PHTSIOQRA^HT. 

Ab may be seen by a glance at the map, the hills beyond the Britkb 
General enree of Mil from the north-westem extremity of Sind 

to Dera Ghdzi Khdn are arranged in a veiy deep 
sigmoid curve. From the nqithem extremity of the Khirihar range 
west of Shik&rpdr to the mouth of the Bol&n (an area that, as already . 

Ranges wert and north mentioned, has not been surveyed geologically), 
of Kacbhi. general direction is north and south, hut north 

of D&dar, at the entrance of the Boldn Pass, there is a change, and the 
general strike of the rocks, to which the ranges of bills are paralkl, 
north of the Kacbhi or plain around Sibi, Dddar, Oanddva, fco., k 
nearly north-west^south-east varying to west-north-west— east-south* 
east. This general direction prevails to the north-weet as fiw aa the 
neighbourhood of Quetta, end to the eastward far into the Mari and 
Bugti hills. The change in etrike, so far as the imperfect oheervationi 
hitherto made show, does not semn to be attended by any great amoeni 
of disturbance, the rocks in the BoUn, and espeoiUly the softer beda^ 
are somewhat contorted, and the dips are naturally irregular and vari* 
abk, but the shake are eof t and present no approach to the indnrathm 
that appears in the same beds to the west of Quetta. 

Paaring eaatward into the Bugti hilb the strike beeomaii seat and* 
west, and in the eonthem part cf the bilk, nerth 
of Jaoobabad, the dipt are very lowj and iadkalg 
a paasaga to tiie oonditicna pevailing in the almoet undisturbed eoean#^ 
beds teen fo^her sooth on the IndoearoigidSokkiir and Behri* Anfliiitr 
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mt the south-western extremity of the Punjab, the east and west 
ranges of the Bugti hills curve round, and the 
a n rnnge. guiemin range runs, first north-by-east, then due 
north, parallel to t^e Indus river, along the western frontier of the 
Derajdt. Some hardening of the shales and sandstones is seen about 
the place where the change in direction takes place. 

The ranges near the Bol&n Pass are somewhat irregular in direction 
Geological structure ^nd structure, and so are some of those around 
of ranges. Quetta. Two of the latter, Tak^tn and Zarghun, 

both composed of nummulitic limestone, rise to a height of more than 
11,000 feet above the sea. Many of the ranges of the Mari and Bugti 
hills, and some of those near the Hamai i^ute, are simple anticlinals of 
nummulitic limestone, like the northern and southern extremities of Hie 
Khirthar (but not the greater part of that range), and several of the 
ridges in Southern Sind. The range running from north-west to south- 
east, north of the Harnai route, from the Chappar rift to beyond Harnai, 
appears to be one of these anticlinals, and it rises to an elevation, as 
recorded on the Topographical Survey map, of 11,400 feet north of 
Shdhrdg. The ridges of the Bugti hills are lower. The main range of 
the Sulemdn, as fai north as it was examined, is an antiolinal of lower 
eocene and cretaceous rocks; it rises to an elevation of over 5,000 feet 
close to its southern extremity, and to a « somewhat greater altitude 
farther north ; two peaks, £k Bhai and SaronAc, to the westward of 
Dera Gh&zi Khan, being marked on the map as 7,400 and 7,600 feet 
high. Along the esSstern side of the Sulemdn are a number of low ridges, 
more or less continuous, parallel to each other and to the main range, 
and formed by the outcrop of the harder bands occurring in the eocene 
and newer tertiary beds. In this respect there is much similarity 
between the Sulemdn and the Khirthar, but, as has already been shown, 
there aie important differences in the tertiary subdivisions represented, 
and the Sulemdn itself is oomposed of beds lower in position than theed 
found in the Khirthar. The ranges of hills in the ooantrj^ west 4t the 
Stileittdn appear in many oases to be anticlmal ridges. 
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Between Uie different nngee o( Ulb tbeie ere lifoed^imlleye indl 
plune mt n eoneidemble elmtion above tlie iMi» m 
VaU^oftiia ^u. elevation that ineiwaite with the dietaoel igam 
the foot of the hille np to nearlj 6,000 feet avonod 4aeUa, and 4MM>0 
to 5,000 feet west at the Snlemau. The faUeys and ]dains preadbt the 
oharaoteristic appearance of the oanhmt Asiaiio platenns j are bordered 

by nmilar slopes af detrita# denved from tb« hiUei and thqr expand in 
places into open the surface of which is oompoeiff at fine ioil^ 

sometimes sandy, and due most probably to anbaeiial aooamillation«> 
Owing to the paucity of the rainfall, both hilla and plains are, as a mie, 
Y6iy sterile. 

The streams are very small and unimportant in themselves, hut they 
possess a onnons g^logical interest from the oir- 
enmstanoe that their coarse is frequently at right 
angles to the hill ranges, and that many of them traverse goigac osd 
through antiolinai* ndges. Two instances may be 
especially noted, the ** Chappar as it is called, 
on the Hamai route, and the gorge by which the Kaba traverses the 
Sulemdn west of Harrand. In the first ease, the 

Chapptr rift. 

•tresm draining all the Taneja aiAiand Kach and 
Kawfia, north>eaat of Quetta, outa ita way, juat below a militaiy onoanp* 
ment known as Mdng^, through the anticlinal range of aammtiKtifl 
limeatono that, aa already mentioned, risea to an aleration of more than 
11,000 feet north of Shdhrdg bnt ia oomparatiady of small siie at Qm 
C happar rift. So narrow is the entranoe of the gorge from the lusfh 
that no passage can be seen ; it sppeate as if the stream were eaterin|^ 
tiw side the hQI. ^le gorge is about 2 miles long, ,pnd the ridw 
aie eereial hundred feet high at leaet. 

\ror • awoiftloo fft datitf phim hi PSnl., IM a X O. g, Wol, XXtX, p, egb 
■MSdBF»ni.,li.pp.4Mt46i| m4 Praa B. O. 8,1881, i,7»i aboXlMs,!^!^ 
ZZVn, 1877, ^ 841. 

n* Afstsa (Mss ban dweriM sad <Mr dVM Mum 8bsw« tf ML 

8 . A. 8 . ^ TA rn. < OiMtth, J. A. 8 . »,y«L Xp MSi Hs tto aCh le, d e ew aM 
Vs. TeLTI, ^ 8881 aadednlNMia lleBaa.8lI.TeL XVIll,nb Iks. 
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Kriha channel is even more remarkable^ for not only is 'it 6f 
great depth, certainly more than 3,000 feet, bnt 
a gorge. through excessively bara sandstone for a 

considerable portion of the way.^ Through it the drainage of a very 
laige tract of country west of the Sulemdn range finds an outlet, and 
the quantity of water brought down after heavy rain must be very great. 
At the same time, it appears remarkable that the stream should traverse 
the highest range in the country, instead of making its way across lower 
ground to the southward, especially as that lower ground is composed, 
for a considerable depth at all events, of much softer rooks than those 
cut through in the Sulemdn range. 

These two examples suffice to illustrate a phenomenon which is no 
novelty to geologists, and especially to geologists in India. Something 
similsr, but on a gigantic scale, occurs in the Himalayas, and has b#n 
explained by Mr. Medlicott,* whilst Mr. Wynne has called attention to 
tiie peculiar manner in which rivers traverse the Salt-range of the 
Northern Pun jal^^ Other instances might easily be quoted, mid in fact 
the occurrence in one form or another is common. It requires notice, 
however, because the clefts formed in the nummulitio limestone are so 
Popular explaxiatioii of remarkable that no obseivant traveller can fail to 
be struck by them, and because the usual explana- 
tion, that such clefts are caused by dislocation,* or that they are cracks 
and fissures in the rocks, produced during the devation of the ranges *, 
does not appear to be in accordanoe with the evidence. 


1 A Motion of the beds li giyen in a ■nbMqneot part of this report. 

MeiiiHil of the ^hology of India, p. 675. 

« Mem. Ot- 4 1 » Vol. XIV, p. 46, and Vol. XVII, p. 11 (BSl). « 

* This appamldy ia my oolleagne Mr. Grieabaoh'a view {Ijs p. 4), aa he wiitaa t ** Dislo- 
eatlona, mostly vertical to the strike of ^e ranges have prepared the ooum (in the first 
instance) fbr rivera aa for example the BolAn, the N4ri, Ae.** 1 can only say that I saw 
no evidenoe of dielooation in either of the oatea qiaoted, and. so ftir m my observation haa 
oxtondedt it Is a very rare elation, at all events in Westem India, for a nver goigo to 
oorrespond to a line of f raotnre in the roeka 

* Thu ih Bir B. Temple'e paper entitled The highway firom the Indu to Oiadahar," 
Proe. B. G« 8 ^ 188 (^ p. 5^ he aaya t ^yrom eome voloanie faroes fai geollgioal porlsfia 
thorehava been great ohasms and rents formed In this wall" (the momitaiu of tho imntlarli, 
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^ In vapport dC tlie fimre theovyj it if ni^ld tiint ttnf anlfalit mglM 
M one iidf of Booh deftf oomtpond to AMtering fiiglff on thf otlifr. 
Mid tlint ihif fhowf tint thf two fidoi woio Connerly in oontaet^ But 
running Wftor oommonly outs a mom or leM iig»Bag diMAialy wad nt tkf 
tides of the ravine are denuded b> Ihe aoiien of raiui the anglee Ofigin* 
any formed by the btreaiD^ (iVlioufh modified, are Jet obliterated* 
Either the whole eiwfaoe of the elope ie leinevei uniformly^ or there ip a 
tendency to exaggerM^.fl^ salient and rMntering anglee^ ^voanee the 
latter form channels down which the water rune to the maao itream 
daring rain, and are ooneeqaently deepened by eroeion^ whilst the former 
escape abrasion. 

The crucial test is the production of direct evidence that there ^ae 
Proof that popakrtt. been dislocation (i.t., faulting) along the line of 

planation ii incorreot ^ fiseoro. 

This should be extremely easy, for the rock forming the channel of the 
stream is generally exposed every here and there. If there be a fault, it 
could scarcely moape detection, for the beds on opposite sides of the 
ravine would not correspond. If there has been an open crack orfisenre/ 
^it mast originally have extended to a great depth, far below the present 
river channel, and most have been filled by fragments before the atream 
could pass over at its present level. The stream would, in eiioh a oife> 
mn over a mass of re-cemented detritus. But it will generally be found 
that, beneath the looee pebbles, sand, fim., tiie bed of the atream oonskti 
of solid rock, and that where, as is sometimes the case, a calcareouf eon- 
glomerate is found, Uiis is a snperficial deposit, and not a mass filling g 
deep fissure. 

In all the oases where streams out their way from side to aide of a ridge. 


^BivartffiM Is tba platcaa wUdi pew ttiroogh thtie 

IImvs man Ikra 


btothsloesr 


’Wloiiy, Q, JL0.B., Vid. II. p. \ 
and ly otW o Im w» w . 


* n ihoald alto bt fWDtrked tint opes endw dr teorw. If aaj ladb tft I 
Ha pni^tM by abMi raakaatiinM sa ttsa&cIlMl aurra (li ti patalUa fbag awlse la Iba 

• nnsXdbsIdbapinMtatbaaferikaof tbabidtiadlalbaaMief thf 

la an awat Iwta sallaad. 
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1^1 mMiokD : HILLS noM quim boa obazx xhajt. 

^^Iiy otto sti^eams cut ravines and gorges, precisely similar i& eto* 
aiKMlidoetoaoBion *^®ter, but of very inferior depth, from one side 
only of the water-parting at the crest of the ridge 
ibo the valley or plain on the same side. There can be no doubt that the 
smaller clefts are cut by water, and all that is necessary in order to 
account for the origin of the great transverse gor^ by the same agency 
is an explanation of the way in which the larger streams began to cut 
their way through the hills. 

This explanation is that probably the stream once ran at a much 

Probabli explanation greater elevation relatively to the position of the 
of difficnlnoi in the caie 

of transTexM olefta. hard rock (nummulitic limestone at the Chappar 
rift; eocene and cretaceous sandstones and limestones in the Eaha 
gorge), and that this stream followed nearly the same course as now, 
but at a higher level and through softer beds. As the latter war#- 
gradually denuded away and the hard anticlinal exposed, the stream out 
its way through the latter. But the hard rocks resisted the ordinary 
denudation of the atmosphere and rainwash, whilst tip overlying soft 
clays and sands were carried away until the hard anticlinal remained 
exposed, just as a skeleton is left when the soft integuments are remove<|^ 
by maceration ; the stream alone, by its greater power of erosion, having 
cut its channel to the depth required for the drainage of the oountxy. 

It is also probable that the stream, in a}! the cases mentioned (it 
Talleys probably older certainly is the Case sometimes), is older than the 
tl^an'diatiurbauoe. disturbance to which the anticlinal is due, and the 

formation of the latter was so slow that the stream cut its channel 
deeper pari passu with the elcvatioiu In both cases the channel is due" 
to the same cause, the erqpion of the stream now running through it. 

In the neighbourhood of the Chappar rift, there is some farther 
evidenoe that the course of the streams is of greater antiquity than the 
disturbaiidb of the strata. The tract of country north of the Eaohhi, ae 
already mentidned, consists of ranges of hills having a general west*Uorth« 
west > *cast*soath-east direction, and these hills, ^mposed ^ dnti^ 
cUnals, partly of soarps, of &ard bedsi are eeparatSl frond opeh oCbof V 
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It ipm^, 

liboid Tftlleys, often of eo gnet ooEitfti ae to ioieme the dbeMelie of 
long plaiiie rather than vall^j with the fame geitai^dueotioa t» 
ridges* and corresponding to the onterops of the softer mata. Bed llSie 
form dt the country been what it now is when the mein draxaege hahi 
were traced, it is reasonable to beueve ihlt all the streams ironid fttn 
along these valleys, wherem Uw ainin draiiMige is aoeSQi them ; mA 
stream, after ooincLSng with the plain in direetleii for a lew mitss, CQtting 
its way through th^T ridge to tfif sonthward.* It l» difflcnlt tO 
aocount for this pecnliarity, unless we suppose that the general direetiotl 
of the streams is of greater antiquity than the disiurbanoe of the loeki 
and the formation of the present ndges and valleya by denudation.* 

The curious natural bridge at Sangsila in the Bngti hills, of wldch 
Natural bridga at ^ figure is given in the frontispiece, is a very 
Sangaiia. interesting example of stream action. Afojrdetoib 

concerning this arch of rock will be given «n a enbieqnent page with 
other notes on the geol<^y of the neighbourhood. 


CHAPl^a III. 

onoLooioeL svsraus amd tuir auBoivniovs. 

Tbronghont the area travened no bed* of older age than eretaoeon* 
Arm aiaoi; twtfaii?. obeerved. The greater portion of the c owi ti y 

by far ie covered with tertiary deporito, throng 

Ir •“‘wnrd In Hnkrfo, north of Gwddar. tninill»y« w ifctag 

* **^*^ *>»^win .riUra I hnvo maiind Aoa Dt. Imll TMni* )l%ig |a. 

eiiM8pta?SS&danL •"*•*■* m*™*** on tbo fe m in t l o n ***i — rrini Tnllnit Ifl 

»*•»««», Wnvinnp a. ifaWyth.*^ 
‘ft **^*1 ftni h « tm hia T «h«y» «d»»*iA«a, It i* ininilj mniMMfj ftr nw In 

ra;r?js5?5“ ?*t, 

y* * f; .S HT s.' rstyrgysrsEftSf jy' 
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wlifisli, B8 will be seen by a glanoe at the map, the oretacecms rooks 
oprotrade, withip the country examined, only in the neighbonihood of 
^Chultta to the westward, and along the Sulemin range to the eastward. 

Variation in ^tffeta- cretaceous beds in these two not very distant 

ceons deposit!. localities differ totally in character, and are in 

both places perfectly distinct from the formations of the same or 
nearly the same geological age observed in the Laki bills of lower 
Sind. The eocene strata are less variable, although there are constant! ' 
changes in the position and thickness of the limestones. The later 
tertiary beds are more constant in character. 

The following is a list of the subdivisions observed. Owiug to the 

differences in distribution jnst mentioned, the 
List of strata. • t 

strata of the neighbourhood of Quetta, including 
the Boldn and Haruai routes, are placed in a different column from thos^ 
of the Buleman range v 



of Geological Suh^divuions obeerved around Quella and in the 
Sulemdn Range, 


Sjstuniii or major 
Didslons. 

Subdlyi- 

aloua. 

Qnetta and 
neighbourhood. 

lii 

ill 

Salemin. 

y . . . 

111 

m 

Geological 

8. Bsosvt ui 4'> 
Poat'VLio* > 
osn. ) 


^ Banda and flne'N 
V loam of plalno, / 

1 Qravela and con- [ 

1 glomerates of \ 
V, slopes. Ac. J \ 

p 

r Allatinm of In-') 
\ doB Talley. / 

7 O^els of slopes, C 

t 

JUemt and 
po»t-ghocen«. 

A Snri.i.xx orf 
Havoesa.!. j 

Upper 

Sandstones, olaya, 
and conglomerates 
of baaeofhiUaand 
of plateau. 

r»ooo 

/I. Oonglomsr-'\ 

^8. Sandstones > 
I and olaya with 1 
/ oonglomerstlo \ 
V hands. J 

8,500 

JPUoetnn, 


Lower 

WonUng 

• • 

Sandstones, clays, 
marls, bone bads, 
Ao. 

6,000 

( 

UfpnrmUmna, 

a. Nam . . \ 

Upper 

WdtMng 

• • 

SsDdstonss, olsys, 
Ao. 

1 

8,000 

•i 1 

JKisemMt. 

\ 

Lower 

Brown Umsstohsot 
Bthl Kfol. 

f 

jrkmUtitf • • 

« • 
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n 


IM qf Q^okgieal ^unei tifimnd QneiU mdimih 

StUemdm (oontimied.) 


Sratenm ornuior 
JWtWoiw^ 

SubdlTl. 

•lOBB. 

QaettBBBd 

BBt^bottrlkood. 

p 

•idMAo. 

1 

ewtoetps 

•f*. 

1: Seo.^ . 1 

Upper 

NammiilHIo 

afloo 

Olive eUjri^ ikBlBi, 
■BwiBietiw. ae., 
i^lth B km tbiB 

MOD 

^awnw. 


Lower 

OllvB ahtllB. olAys. 

BBndutonMi, &<. b 
hand of lioHACone 
hrcfrlB Bt Br dcbt 
thebMM. 

3.000 P 

CoBnwt brown Mnd* 
Btone with b band 
of llmwUmo 

braooia. 

1.000 

] 



1 Black eompBot 
lifBMtonc 

100 

1. Hard whltlNh 
■BodstonB grit. 

t 

1.800 




Z VaricMted lime - 1 
■tone Bulei. 

800 




1. CUTAOBOUa . 

• \ 

Zo. OnnfifloiuerBio 
of TOlcBiiic pebbles 
llBBBlt (lo<^) 

S Dark grey lime- 
Btuue 

1.000 

1.000 

Z T>iirk>gTe]p lime- 
eroBe poBalng 

lownwards Into 
IlmeirtoBeibBlM. 

fl.noo 

1 well. 

\Orwtaemm§. 



4. Pile llneetoBi ' 

f 800 
f leeu 





It should be remeoibered that the examinttion of the ooimtiy 
0«ologiciaobMmtioM trayersed was of the most carsory epd iuperfietel 
Imperfect. description, and had not the geologj in general 

been exceptionally simple, no adequate idea could have been gained of 
the structure. In places, as in the neighbourhood of Quetta, and of a 
portion of the Harnai route, where the geological features a little 
more intricate, further examination is required before the characters and 
distribiition of the formations can be thoroughly undeiftood* Thq map 
omafnle^ is simply a sketch without any pretension to exactness In detaS; 
neme of 1|ie geological bonodaries having been ineerted on tibe stieim^ 
of obeerfiptions made at a dietanoe of eeveral miles* Bat with a ei r yf iee 
eo ntteilil^estitate of any conceilment by vegetation, the otriimr miA 
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•pp^annce of particular beds can be recognised through the dear 
atmosphere of these diy desert regions at very great distances^ and the 
certainty with which geological boundaries can be traced for mites, if 
seen from an elevation, would scarcely be credited by geologists who have 
not hud experience of similar areas. 

The thicknesses assigned in the preceding table are as a rule mere 
fbedB. chiefly intended to show 

relative development of different stages and hSds. 
The aggregate given above of about 17,000 feet near Quetfa and £1,000 
in the Sulemdn range is as likely to be too low as too high. The thick- 
neA of eiaoh subdivision varies considerably. 

1. Cretaceous beds , — As already more than once pointed out, there is a 
wide difference between the representatives of 

Crotaceoui. 

this system near Quetta and those exposed in the 
Suleman range. The former will first receive notice. 

The lowest bed seen by me in the neighbourhood of Quetta is the 
Cretaoeoui rocks of Hn^estone of the hills due south of Sir-i-db and 
about 10 miles south of Quetta itself. These hills 
consist of an anticlinal of pale coloured,often cream-coloured or pale pinkish- 

grey limestone, very homogeneous and fine-grained. 

Pale limeitone. ^ 7 . 

In the hill range to the east of the Quetta plain, not 

visited by me, Mr. Griesbach found hippurites^ in abundance in strata 

which he considered a little IdWer than those exposed in the Sir-i-db hills. 

The latter are precisely similar to some of the limestone with hippurites 

found to the westward in Persia. A few hundred feet of this rock are 

seen near Sir-i-db, the base a^pt being exposed. Fossils do not appear 

very common, but they may be more abundant locally.* 


Pale limeitone. 


^ Kem. G. 8. T » V<fl. XVIII, p, 88. A leotlon through the hilli near 8ir-i4h la repre- 
sented on p. 87. The relatiTe thickness Of the different beds in this geotion (Og, S. 
and also in the upper fig. 7) is not correct, and as the scale of heights is nwoh gfsiair 
thaa that Tepresenting horiaontal diitanoe, the general effect is not exactlj the aane as that 
Of the rocks In siiu. 

> Mr Griesbach ftmikd /soesrosHM and eoroki in these hade (L p, p» 86)» ho^ as 1 
un^Untand^ not In this koallty. 

< uo ) 



OlOlMtOdL 


Tbe next limeetone in amodtng erde^ h vnry dnrkeohmted^ kHM 
bbek or )i>lA€ki^ grey. It ie herd end 
end forms the greeter pertioii of the ilopee oe itm 
hill reagee east and west of the plain sooth of Qoetta, 8ooth-weat of 
Sir-i-db this dark eoltoored limestoL!^ appMim olearly to ovetlie the pekf 
eoToured homogeneoos limetton^ deseribed*^ The thliekiiesa of the 
dark limestone ' is eonsiderable^ probably not leas than l^OOO fast end 
possibly more, b«i Klue did not admit of any measnreineied* ||M 
westward higher rocks come in above the dark limestone. To tike 
aouthward, the sij^ dark cretaceous limestone forms the greater ||Wrt 
of the hills on the sides ct the Dasbt-i-fiedaolat, and is traversed 
by tlie road between Doa&n in the Upper Bol£n Pass and DarwdjBa or 
Dasht* 

Above the dark massive limestone there is a oonstdend>le thiekness» 
White and rariegatsd probably not less than 500 feet near Quetta, of 
limoatonealiaiM. somo Very cfaaracUvistio strata, fine-grained shsly 

or flaggy limestones and calcareous shales * of various colours, chiefly white 
or cream-coloured, variegated with purplish red or alternating with bands 
of that tint. No recognisable fossils were found. These oaloareous shales 
are spell seen (1) atDozdn in the Upper Bolin Pass; also fS) on the skirts 
of the hills east of the road between Darwiza and Sir-i-ib^ south of 
Quetta, obout 6 or 7 miles north-west of Darwiza ; and (8) in the 
Chehiltan range south-west of Quetta. 

Similar beds are also seen near Each and Amadun, about M 
OksteeeoM beds ot uorth-east of Quetta, assoeiated with a 

Kash and Amadon. great development of baaaltio formationa, partly 
detrital, lilt partly, to all appearance, oonsistiog of solid igneous 
poelc. Tjpe latter may be intrusive. The sections will be described 
iu mors detail in Chapter VI, in which the cdwerrations male on^tbo 
Baraii route between Quetta and Sibi will be 'recapitulated. Neat 

^ *'“r- 

nditfu. *7. ubdtoH.i.r Mfr).a.i.jri.i. rr. Ufa 

pnil.|faw»Ml«ifa,4<th.iMfa|jrlhM«lwtM<i.ww,.l7. 
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HUk oampfi on the road to Gw4l> the variegated limestone shales dip 
iit % high angle and appear to underlie a bed of basalt or anamesite> 
apparently interstratified. *The dip is probably 
reversed and the variegated ^estone shales may 
be the newer formation. Further on upon the same road the variegated 
limestone shales are distinctly seen ovei lying a mass of basalt. A few 
miles further to the north-east from Kach^ near Amadun, the limestone 
shales overlie (apparently underlie, but the dip is again reversed) a mass 
of conglomerate, probably 1,000 feet thick, entirely Amposed of 
dbnslomerate of dola- rolled doleritic pebbles. This ig succeeded in de- 
ntio pebbles. scending order by massive limestone of great thick- 

ness, probably the same as the dark cretaceous limestone of the hills 
near Quetta. The relations of all these beds near Kach to those near 
Quetta are not absolutely certain, as will be shown presently. 

The uppermost bed that 1 refer to the cretaceous system near Quetta 
Hard, black, compact the hard, black, massive, compact limestone^ 
limestone. above the variegated limestone shales. This bed 

is admirably seen, and from its dark colour*and hardness forms a con- 
spicuous band on the Chebiltan range south-west of Quetta, where the 
thickness is probably about 150 feet. The same bed, probably Ather 
thicker, is well exposed in the Boldn Pass below Doz6n. 

No recognisable fossil was obtained by me from this bed, and the 
only reason for assigning it to the cretaceous rather than to the eocene 
system is that in appearance and mineral character it ressttibles the 
limestones of the latter much more thatf those of the former, that it 
oontainB no nununulites, and that in the Bol6n Pass it underlies beds 
eontaining a peouHar limestone breccia which is certainly very dlose to the 
base of the eocene system. The black oompaot limestone was ^ot found 
near Each. All the beds near Quetta from the black limestone down- 
watds, appear to he conformable to each other. 

The ovetaoeons rooks of the SulenAa range differ so widely boMi 


^Ko.4of GrieibA(d)bpp* SdkSl^OstraftUmeitoiMof leoUcmlt widilae 

of Piofilsl,pi. IT. 
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oioiMxoit 0f«taiif vttm mtmtimm. m 

those of Quetta that belova leanag tha latter a lew e# thiir 

B«htioiii of rdatioike to the m^e of the eame age in ether 

H parti of Aeia are dencable. 

The two lower beds in the seotion, the pale»ooloiiv«d and the dadc- 
grej liinea<Mie> are, I think» clearij vq^per iiie»ibed» 
of the ^eat hippsritio limestone gaonp^ This is 
I belieye Mr. Griesbaoh^s view also. Very eimthir limeetones were foiiad 
by bun ^ to form tlio tiiDges near Ktndabdr, and preoiee’ j the same 
rocksj someUmes quite unfossihferoos, bat locally aboanding in 
rite9i are widely exposed in Persia * from Karmin to Teherdn** To 
the eastward hipparitio limeetone is known to occur at Siasgai peak, 70 
miles east-north-east of Quetta, ’ an^ there is great probability that 
the cretaceoQs beds generally are well developed in the ranges north of 
the Harnai route around Kaw£s and Chizydn. The limestone with 
Hippurtte^ found in the Laki range of Sind * may be of the same age^ 
but there, as in the Suleman range, the whole section it so different 
that the different stages cannot at present be recognised. 

The conglomerate of doleritio lava* pebbles found near Amadun 
precisely corresponds to the description given by 
Mr. Oriesbach of similar deposits observed by 
him west and north-west of Kandab^ at Kotal-UMurcb% Kohkardn^ 
&c., in the range between the city and the Argandib valley. The beds 
above the conglomerate, greenish sandstones overlying green and ved 
shales, in the section given by him * have some remarkable pointa of |||^ 
%em1^nee to those near Amadun, where, above the doleiitiG eongloiiiwrate» 
variegated limestone shales ooour, and over these again the greenish aand* 


Bolaritlc eonglomeiiite. 


> £.«.,|s.g«a 9 - 4 S. 

* Baitmi ToL n, p,. 4fi7, he. 

* Ptee. A. a. a., lS7«,]ip.a0t> tteenle. 

* Mem. O. a L, VA XYII, pp, 17, ISa 

*£ «, p..a**aA dMl; mahlho n e made 19 mon er bw et tmiwM. MUrial. 


-1. CmtOemmehe. mww ia giwt tiiUw- dsMt Mtin^ Mrf* i» «« 

.( nd tagalhar t, • tnpptn tiwiwii mIMimw Mttriib’* 
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tfid sandy sliales at the base of the eooenej the latter being precisely 
ttebeds which Mr. Griesbaoh looks upon as o r med of trappean detritoa 
near Quetta. But the Eindabdr beds are said to btiilower cretaceous and 
inferior in position to the hippuritic limestone. If this is correct^ either 
the beds near Amadun cannot be the same as those near Kdndahdr, 
or the identification of the variegated limestone shales with those of 
the upper cretaceous beds at Quetta is erroneous. The circumstance 
that^ as will be shown hereafter^ the eocene beds at Each near Amadun 
are unoonformable to the cretaceous certainly renders it possible that the 
latter may belong to a lower and not to the upper subdivision of the 
systemi bat it is more probable that the view taken above of the relation 
between the Each and Amadun beds and those of Quetta is correctj and 
that the variegated limestone shale at both places is identical. 

The white and variegated limestone shales of Quetta do not appear 
to have been observed further west, unless^ as above 

Limdstone aliftles. 

suggested^ they are represented by the green and 
red shales of E6ndah6r. This suggestion, however, is merely indi- 
cated as possible. There is touch more reason to believe that these 
calcarebus shaly and flaggy beds are identical with those observed on 
the%pper G£j river, west of the Sind frontier,^ with similar beds 
found by Dr. Cook* at several places south and south- west of Ealdt^ 
and with some greenifih-white and pale purple oaloareous shales seen at 
GadUlni,* on the Baluchistan coast, about $^5 miles north-west of Eardchi. 
I%.the first-named locality on the G4j river the limestone shales m in 
the same position as near Quetta, just below beds of eocene age, aim thw 
same is the case, according to Dr. Cook, in the countiy south and south- 
west of Ealdt. At Oad4iii, where the relative position was not ascer- 
tained, basalt and dark-grey or blackish limestones were found in the 
immediate neighbouihood, showing a remarkable resemblance to the 
association of Tooks at Each near Quetta, 

I If «m. O. 0. 1.. YoL XVII, pp ft. 98. 

* Trsns. Msd. Fliyi. 9oo., Bomhaj, 1809, No. VI, p. 100. 

< Mod. 0. 8. I., Yet XTIl, p. 189. 
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She imp notML hj Mr. Qtmimak k ih« Vpper 
think, w already atated in «be Brat diapterol thia Manaoir, > fceaamkki 
with the Umeatone afaales. 

It » highly proHable that tito apper cretaceona doMlid foektAear 

BOMtlUm of Tolcooio are^#*ocmt«wporaneoa8 origin witii ^ poiw 

fiKiiu to Docoan tnpo. ^ Deooaa But I Ian nai at all 

attre that any of the former ^^repaeaenta the trap horiaon of Weatem 
Sind/' although OviaiBbaoh thsnka there ia no doubt of the laat.* 
The traps of the Xieccan appear to extend in age f^m upper tretaoeofta 
to lower eocene/ and although 1 am inclined to olaaa the Quetta Toleanio 
rooks with the former, the tmp of Western Sind may perhaps be of eery 
early tertiary age. To this subject it will be neoepsary to reeeTt 
presently when discnssing the eoceife beds. 

The boundary near Quetta, between the eretaoeons and eocene beds, 
_ _ is drawn upon undoubtedly imperfect evidenoO. 

BoQndsry nmr Qaefcta ' • 

between tertiwrj nod That the lowest beds referred to the eocene system 
oretaceou, Upper Boldn section, on the Cbehiltdn 

range west of Quetta, and near Kaob, are tertiary, admits, I think, of 
little, if any, doubt, and all the limestones beneath the rariegated oalea- 
reous shales may be, I believe, safely referred to the oretaeeoss pmnod. 
The only question is with regard to the variegated limestone shales 
themsdves and the overlying black limestone. The very merked breek 
in character between the latter and the olive eooene shales, and ^ 
that these olive slmles near Kaoh are distinctly nnoo^ormable to aU 
Underlying beds, including the limestone shafes (the compact blaek Hm e- 
stone is wanting), besides the points already mentioned, the absence of 
nnmmnlUes in the snpposed cretaceous limestone, and its miiienl 

* XU ^ ^ I. V. 4.^ 1 — ttint Hr ITiUili g rti l 

Ian w i s wief blaMtif 80 tsmadtostty ■> Iw hag deiw. ^ 

ly iia IM^ lUe. a & t. ToL XT. im ^ S. smeik W IsSMs s 
inslswl# flmwanlnisi | lisw gisw ow tfis eHSinw rsiy brisiy, Iwit tedow we 
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RIO opfposed to the dasaifieation of these vocks as eocene. It 
lIMM not be forgotten also that Dr. Cook ^ found ammonites south of 
KaUtf in beds very probably identical with the limestone shales of 
^tkietta. 


In the Sulemdn range the supposed cretaoeous beds comprise two 
Cretaceous of Snlemin well-marked stages. The lower of these was only 
wnge- observed in the deep ravines cut by streams into 

the main range itself^ and was actually examined in but two localities ; 
the deep g^rge of the Kaha stream, west of Harrand, and that 
excavated by the head waters of the Choti stream, immediately south 
of the road to Fort Munro, the sanitarium of Dera Ghdzi Kbdn. This 
lower stage consists of dark grey limestones, occasionally sandy or shaly, 
Oicy and passing dowif into calcareous shales, dark-grey to 

catoaceouB Bhalea. bluish-grey in colour, and often nodular. The 

bottom of these was not seen, and the whole thickness of limestone and 
shale exposed must have been about 1,000 feet in each of the sections 
exaniined. 

The limestone abounds in indistinct fossils, especially Foraminifera, 
but none were found that could be determined at 
the time. In the underlying shaly beds, however, 
two species of Exogyra, one or two of Inoceramus * and a Cephalopod were 
found. The latter is so poorly preserved that not even the genus can 
be ascertained ; it doubtless belongs to the Ammotnitida, and the last 
whorl appears to be protracted somewhat as in ffamiies, whilst the upper 
whorls may have been fm as in some Turrilitis. All the whorls are 
tianssersely ribbed. The Inoeeramus is a form with concentric ribs and 
fine strisB parallel with the ribs. The Exoggra are more characteristic, 
pue qkecies is nearly allied to En Buhorbieulata, Lam., and is also near 
the well-known B* rntmnha.^ Lam. ; the second species is near B. oBtraeina^ 


FobbUb. 


^ Xu Xh iho Stem. G. 6. 1., XVIl, p. 4S. 

■ XsSB isdshted to Dr. FdftuMntel for aBBifljiuioe in msldng oat theie. In espknatlim 
oftliovory hnpeiloet Ifteatiflostira giren, it if aecaiiary to explain tlwtGio fowjybi min 
Caloiittia* vhilit thla paper ia heing ivritten In Eag^nd, and tiiet X was to pompiv^ 

apafimena wUlat in Oalentta. 
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Lam. All thsM apecies of B^ogyra aM nuddle oretaoeow, and both 
the Inoeeramut end Cephalopod are oietaceone rather Ihaa jnraoaitf 
type®. 

The InoceramuB is the commoDeat add most oharaetoristio fossil ;«ome 
of the shells found measure ^6 .^nclies and the ttro Talres often 

occur together^ though wide open. 

Upon the limestones^ apparently confhrmahly^ bard sandstones and 
Hard whitiah fand ' deposited, about 1,500 feet thMc, gene* 

atones ^ pg]g coloured, white or whitish, not nnfre* 

quently speckled with brown, and occasionally pale-greenish, blttisb- 
green, or purplish. A few thin beds of daik shale occur, but they are 
infrequent. From their hardness and pale colour, these rocks are Tesy 
conspicuous, and they form a considerable proportion of the eastern 
slope on the Suleman main range. No fossils have been found in 
them. 

No unconformity can he detected between the hard whitish sand* 
stones and the beds above and below them. The limestones beneath are 
sandy towards the top,^and there is in places intercalation of sandstone 
layers between the uppermost beds. 

Neither of the stages described above can be identified with any 
Relationg to other ere- known oretaceous formation. There is not much 
taoeooi bedi. (hilarity between them and the poorly develofMld 

representatives of the system in the Trans-Indus continuation of the Salt 
Bange, though the soft white supra- jurassie sandstone of Bhckh Budin^^ 
may perhaps, although greatly dwindled in size, be the same bed as ^ 
hard whitish sandstones of the Snlemdn range. The sandstone of Shekh 
Budfn has nowhere been observed to exceed 200 feet in thickness, and its 
relations to the jurassie beds beneath it appear somewhat doubtful, lor 
Mr. Wystte, whilst classing it provisioiiaTly as cretaceous, suggests fliat 
it ssay^bej^rtly even post-eocene in age. 

Kutte of iiie passsge beds 1b|tween the eoeeee and the eretadednii 
Sind promt muefa resembl&noe to the hard whitish sandstones of Urn 

WfiUM|,SCssi.0. & u Vfll. XVir, pp» 7MS. 
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Miilgi6| and the limestones of the former area are quite different 
Italiil ^fiboie of the latter. It is highly probable that the sandstones^ 
bWMth the Cardiia beaumonti beds in the Laki range of Sind may be 
M ssaacly the same geological horizon, but there is no sufficient evidence 
list Correlation. The only sandstones known in India, so far as I am 
CWare, that distinctly resemble the Sulemin beds in mineral chaxacter, 
are those forming the lower portion of the ^dg beds* in the Western 
Nerbudda valley, and especially those exposed on the Deva stream in the 
B^pipla hills. But l^hese sandstones, although cretaceous, are ]|pbably 
older than those in the Sulemdn range. 

The reason for assigning the Sulerndn sandstones to the cretaceous 
age of Sale- system is that, near the bottom of the nelt over- 
wAd landstonei lying stage, the peculiar band of limestone breccia 

occurs, that, in so many places, appears to mark the base of the eocene. 
The limestones undeilying the hard white sandstones appear to be cretace- 
ous, and the fossils show some resemblance to those of the upper green sand 
(Cenomanian). 

2. Eoetne , — ^The eocene beds present no such difficulties as the oreta- 
Gonenl Aowription of ceous, nor, although their Aaracter is vei y far from 
eocene bede. uniform, do they vary so widely in diffeieut parts 

of the areatraversed as the under lying beds A fair general deseriptiou 
pf them is that they consist of olive shales, mf(^gj|br less sandy or caleaseous 
in parts, with beds of nummulitic limestone,^ ^ying thickness and in 
position, but so developed occasionally as to occupy the greater portion of 
the wkole system, the shales becoming merely subordinate. This is the 
case in the Boldn Pass and north of Quetta, whilst elsewhere, as east of 
tjie Suleiudn range, nearly the whole thiekhess of the system consists of 
shahs ; beds of limestone being only found at rare intervals and a- few 
lest in thickness. Soft sandstones are often intercalated with the shalesi, 
'ind in the Salemdn range the lowest part of the whole system is ocAn* 
posed of hard brownish and purplish aan^ones, about 1,000 feet tbiok^ 


Itfam. 43t. 8. L, Tol. XT11, pp.SS« 84, ISO. Ac. 

* JM, YoL VI, pp. a07-81A Ac., «ad Haaaal, pegerSOA. 
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amoBgst which a fiw beds a£ shale or of limestone ate interaalafced. ^ One 
ef the limestone bands close to the base is the Tery peculiar iimestone 
breeds already inferred to somewhat frequently. It constsio of dark- 
Umartone breccia at angular limestone fragm^ts in a somewhat 

lowei eoecDc. Both fragments and matrix 

contain small NummuWeB antf sometimes Alwolina^ and no constant 
difference has been traced l^tween the forms found in the two portions 
of the /ock. This bed does not appear to be more than 90 to 40 feet 
thicki and it has been observed near Quetta and also on the Sind Frontier, 
at the Gd] river, as well as in the Sulemtn range. 

The eocene is, taken altogether, the most important system on the 
frontier of Western India. In Southern Afghanis- 
tan it is seldom, if ever, less than 5,000 to 6,000 feet 
thick, and it is probably in places as much as 9,000 feet, if not more. 

To show the variation in character of the eocene beds it will be 
useful briefly to pass them in review from Sind to 
the Punjab, calling attention also to the change 
in characters that takes place to the westward. 

The eocene rocks of Sonthem Sind^ consist 


Tbickneu of eocene. 


Yaiiation. 


Boathern Sind eocene. 


of the following in descending order 


Stbata. 

Khirthar limestone. 

Sanikot sandstones, shales, and clays, 
with bands of brown limestone 
near the top 

Dsceaa trap, .... 

Oardtta heaumont% beds . olWe shales 
and limestone. 


Tjnoxvms. 

Tatiable, not exceeding 600 feet. 


About 2,000. 
Variable, 40 to 90. 


850 to 460. 


’ Uem, 0. 8. 1.9 VoL XVIl, pp* 89, 46, 128, Aa Tbe'Hsii oligocene beds areiMii bore 
indnded in the eooeinn syttem. 

in CMeb tbeeoceiid beds aboire the Deeoan trap are thus olassifled by Mr, Wynne 
\ llniininnlitic gipnp, white and jeUow limestones with maitf and 

- ^ sandy bs^ TOO 

aypteoneshalse li» 

pwp, viriegated aroOlaoeoDs beds highly 

100 

Meow 0it 8. 1 1 VW# tX, pr 48. 
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with the overlying band of bssaltie trap^ I have hitherto 
H^jgpfid as cretaoeoms.^ The fauna^ however^ so far as it has hitherto 
been examined critically,* seems to show that, although there is an 
admixture of forms with cretaceous affinities, eocene types predominate, 
and the olive shales agree in mineral character with rocks characteristio 
of the eocene period in Western India. It appears therefore advisable 
to class these Cardtta beaumonii beds as %ie lowest tertiary ; they are 
perhaps inferior to any known eocene stage found in Europ^ for the 
Echinoderms of the Ranikot beds, as shown by Dr. Martin Duncan,* 
are older in facies than the lowest Echinoderm fauna knowh from the 
tertiary beds of Europe and North Africa, whilst the Cardtia heaumonti 
beds are 1,500 feet below the fossiliferous Ranikot strata. 

About 60 miles further north than the Laki hills, where the sec* 
Eocene of Khirfchar quoted was observed, the eocene rocks in 

*“*8®* the Khirthar range separating Upper Sind from 

Baluchistan consist of a mass of nummulitic limestone, 1,00Q to 8,000 
feet thick, resting upon olive and brown shales, clays, and sandstones 
with bands of limestone, generally containing nummulites, intercalated* 
In the only place where the thickness could be estimated, on the G&j 
river, the section was : — 

Eummalitic limestone ...... 1,200 

Shales and sandstones, with bands of In 

places . ahont . . • • » ^000 

In the Bol^ Pass the section is similar, massive nummulitio lime- 
stone above, shales and sandstones, often of an olive 

BolAn Pat s . 

colour, below. It is very difficult to estimate the 
thidaiesB of the nummulitic limestone, and the upper portion probably 
enl^Bred from denudattbn before the overlying Upper Siwalik beds were 
dspoiited, but the remaining thickness must be at least 1,000 feet in 

* Hanaiil of His Ge<dcgj cf India, p. 4A7, &g , Mem. G. S. L To! X VII, pp. 884IS, Ae. 

* The oorsls Midi eehino^rms hare been described by Dr. Martin Dnneon with tile 

lisirtsncs, te jblm latter, of Mr« Psroj ffisden. SeaPslsBoutologU Indies, 6er, XIV. VoL 1, 

* 

4* HiL Ind., XIV, Vd. I, pt S, psfe 08, 
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idaeesi though perhu|iB mther leas in the Lower BolfoPass iteelf^betweea 
EohandiULui and Kirta. The limestone is of the usual charaeter/^ther 
massive in general but occasionally distinctly stratified, pale^eokiiTed, 
usually whitish or light*grey^ rarely dark-grey, and often ahotmding 
in nummulites and other Fora/t/^ifera. One variety, desoribed by 
Mr, Oriesbach,^ has a concretionary strueture and simulates eonglo^ 
merate ; this bed is well seen just above Kohandillni. A ijumilar bed is 
not uncommonly met «^ith in the nummulitic limestone of Northern 
Sind. 

The lower eocene shales and sandstones in the BoUn Pass comprise 
several thin beds of coal,* particularly well seen about Mach near Sir-i- 
Boldn, associated with bands of impure limestone containing C^prina and 
other bivalve shells, Turrilella, &o. Many of the species have an estuarine 
CoRlWing beds of facies. Towards the base are some dark-coloured 
Haoh. limestones containing NumntuliUt and other Foram 

mlnifera, one of these beds being the breccia already noticed. 

The country north of the Upper Boldn Pass around the great Zirghun 
Country north of mountain has not been examined, but the same 
Upper BoUn Pass. arrangement of limestone above and shales below 

occurs in Takdtu mountain north of Quetta, where, however, the thick- 
ness of both the limestone and the shale appears greater than in the 
Bolan, and^neither can be less than 8,000 feet in thickness. To these 
sections it will be necessary to recur presently. 

West of Quetta a great change takes place. In the Chehiltdn or 
Eocene west of Karaksar range south-west of the town, all the 

upper portion of the eocene system is composed of 
limestones with shaly and sandy beds intercalated, the whole being very 
different from the massive limestone of Tak£tu. At the in the 

fange, there are about 1,500 feet of olive shales resting on thg 
blfck 0 ^pg|ct upper cretace<ms limestone. In the next range to the west- 
wasd,iiht of Mashalik (or Dindr), it is probable that the upper 

» ao.* 

• ic«w.a.Ai.,T<Axyni,p.aa. BM.0.8^L,^oLxy. t88^p.im. 
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Vikldita is not represented, tbe onlj limestone that I saw is in bands of 
ll6igfslkt thickness, and similar in character to the beds intercalated in the 
<ilfve" shales forming the lower part of the system, except that it is darker 
in colour than they usually are to the eastward.^ Hie associated shales 
and sandstones are turned on end and greatly hardened, some being almost 
slaty. The hardening and contortion, according to Mr. Griesbach,* are 
conspicuous in the much higher range a little further west, known as the 
Amrdn, and crossed by the Kojak Pass on the road to E&ndahkr. Here 
also no great bed of nnmmulitic limestond was observed, although bands of 
considerable thickness are intercalated. Mr. Griesbach calls attention 
to the resemblance between these shales and sandstones and the flysch of 
the Alps. 

There appears every probability that the thick limestone of Tak4tn, 
ftelationi to beds of partially broken up into shaly and sandy beds in 
the Chehiltdu range, disappears to the westward, 
and is replaced by shales and sandstones, precisely as takes place with 
the Kbirthar limestone in South-Western Sind,® The flysch^' character 
of the eocene rocks is highly developed in the western part of Balu- 
"Klyech^of BalocbiB- chistan, and some of the enormous series of ver- 
tical or nearly vertical beds seen between Gwidar 
and Jalk on the edge of the Sistan desert* closely resemble the beds of 
the Mashalak range west of Quetta. 

Passing eastward from Takdtu, alongMtbe Harnai route from Quetta 

"live ehalee, oUye, tmd wmdetones 
of the lower eocene agpesr to inoMese lit thickness. 
Some beds of dull Indian red shale or clay are intermixed and beoome 
more oonspicaoue further east. Occasionally bands of limestmie, nsually 


• JU I I 1 .TS ilrMdj mgcwttid (Kniul at ib. Gwlogy at IndU, p. 6U), it b net im. 

that th. aammuUtie iiawtone unmM . d.ikw mbar where It bu nndeiwone 

peetmianddieterbuioei ewtelnly wherever the weecUaedbeae ere timied on end, herdied 
or mrtMted, leforu I have leen. the limeetoneb darker wdonred than It uiMnr fa wIm 

• iSie p. 82 * 

• iemi. a. 8.1., vd. xvn. pp. 47, iy«. 

4 Men! »eniR, VoL 11, ph 461. Jalk if about SOO nUe» 4oatli^Wfiit of 
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pale coloured, aboundiug in Nummuliies of several species, and often oon* 
tiMning Aheolina, Orbiioides, and other Foramittifera, attain a consider* 
able thickness. One such band forms the ridge of Nar, 19 miles north* 
east of Quetta. 

The basement beds of the eoccue i^stem near Kach and Amadun, 
Near Each aud Ama- »l>out 26 miles north-east of Quetta, are olive 
shales and sandstones, with some beds of con- 
glomerate, containing pebbles of sandstone, grit, limestone and chert, 
'i'hese beds rest quite unconformably on the cretaceous beds above de- 
scribed, and are overlain by the nummulitic limestone of the Pil range, 
east of Kach. The junction, it may here be mentioned, is the only 
instance of unconformity between eocene and cretaceous beds yet ob- 
served in the countries adjoining the Sind frontier. 

Unfortunately in the hurry of travel ^ the sections of eocene beds 
Eoo«ti.b^d»onH8niiii exposed in the hills bordering the Hamai route 
rout, eiuc oi Kucii. received but a very imperfect examination. Zar-- 

ghun, the great range already noticed as lying east of Quetta and north 
of the Upper Bolan Pass, and which intervenes between the upper parts 
of the Bolan and Haruai roads, appears to be, like Takdtu, formed of a 
^ery thick mass of nummulitic limestone overlying the lower eocene 
shales and sandstones. This nummulitic limestone in the BoUn Pass 
is the highest eocene bed seen. In the Harnai route, south-east of Harnai 
and on the road from Quat-Mandai to T]ial Chotiali, the eocene beds 
exposed below the base of the Siwaliks are (the thicknesses being little 
, more than guesses) 


a. Olive elialefl and sandstone .... 

b, Nammnlitie limestone . . ** . 

e. Olive shales and sandstone 

d, Nummalitic limestone (apparently of great thickness) 


Tblokness st 
Spiiitongi. 

. 4,000 P 
800 

. 1,000 
P 


Tbicimow st 
Tang. 

1,000 

1,000 

P 

f 


Thrpughout the Harnai route below Kach the lower nummulitic lime* 
stone d forms immense hills, including the Pil and Cfaappar ridges, the 

’ And, in ,part, In couseqnenoe of Illness. 
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Upper part nt least of the huge mountain mass north of Sh&hr&g and 
llarnai^ and a number of hog-backed elongate hills of smaller elevation, 
All these different ridges are anticlinal^ except the Pil range, west and 
north-west of which the olive shales at the base of the eocene system are 
seen to underlie the lower limestone. 

The question that presents itself is whether this massive limestone is 

CorreiHtion of thick same as that of the Bolan Pass and Takdtu' 

limestone beds. whether the position in the system is 

identical in both cases. If it is, the overlying shales and limestone a, h, 
and c have been denuded to the west and south-west about Quetta 
and the Bolan. But if the limestone of the Pil range be the same as 
that of Zarghun, it should be distinctly seen to cross the valley below 
Kach ; and although the outcrop may have bedn overlooked, 1 do not 
think it was. It is more probable that the massive limestone of Pil, 
Cbappar, &c., is an expansion of the lower limestone seen intercalated in 
the shales near Gandak, north-east of Quetta, and that the great over- 
lying limestone of Takatu and the Bolan route disappears and is replaced 
by shales and sandstones to the eastward. 

The shales and sandstones, with occasional beds of limestone, that 
Coal-bearing beds of overlie the massive limestone d appear to be great- 
thAbr^g, jy developed about Sh61irag, where they occupy 

a valley about 1 0 miles broad. It is probable that they are folded so as 
to cause repetition of the same beds, otherwise the thickness exposed 
would be enormous, for the dip is generally high. Some beds of coal,^ 
associated with occasional bands of impure fossiliferous limestone, inter- 
calated in a series of soft sandstones, shales, and clays are found in this 
neighbourhood south and east of Shihidg, and both the coal beds and their 
#lelatioiis to beds of associated rocks precisely resemble the strata of 
Afacb in BolAn Pass. Mach near Sir-i-Bolan on the Bolan route. The 
Maoh seams do not appear to be much more than 1,000 feet above the 
base of the eocene system, while below the Shahrdg beds there are the 
shales, fee., of the Shdhr^g plain, assuredly not less than 2,0Q0 feet in 
> A messufed section of these and the nisociated strata will be found in Cbnpter VI. 
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thickness, and probably considerably more, together with the thidc 
limestones of the rang^ to the northward, and perhaps more shales below 
the limestone. Further examination of the country is necessary before 
the horizon of the Shiihrdg coal seams can be determined with certainty, 
but sufficient is known to render it probable that these beds, despite 
their close resemblance to those of Mach, may be considerably later in age. 

The eocene strata of the Marf hills have not been examined, and in 
Eocene beds of Bueti ’ except to the eastward near the 

Punjab frontier, only the upper stages were ob- 
served. In the western part of the hills, near Lehri and Pulaji, the upper 
beds of the system consist of limestone with NummulUes and Alveolina, 
but there appears to be a gradual diminution of the limestone to the east- 
ward. It should be mentioned that no denudation appears to have affected 
the uppermost beds before the deposition of the Siwaliks in the Bugti 
hills, and also in the Suloman range further east, the latter strata being 
conformable and not resting on an apparently worn and denuded surface 
as in the Bolan Pass. South of Bugti Dera the uppermost beds are — 

1. Shaly limestone containing' smsll nummiilitea (i\r. ramondt Abont 50 feet. 

2. Pale olive shale, with reddish brown (coffee-coloured) bands. Several hundred feet. 

3. Nummulitic limestone, more massive. 

Tjo the north of Bugti Dera the limestone (No. 1] is much thicker 
than to the south. Further east, however, north of 
Oandahari (Gebandari) hill this bed disappears al- 
together, South and east of the Sham plain, and thence to the northward, 
along the flanks of the Sule^pan range, the limestones are only represented 
by thin bands, each usually not more than SO to SO feet thick, and in 
many places it is very doubtful if 100 feet of limestone occurs altogether 
in the whole system from top to bottom, whilst one of the most persis- 
tent and conspicuous bands is formed by 2 or 3 beds of white gypsum, 
about 15 to^ 20 feet thick in the aggregate^ that underlie the principal 
and most continuous of the limestone bands. This limestone band is a 
continuation of that forming the surface of Oandahdri hill and is about 
500 to 1,00Q feet below the top of the eocene. 


Sham plain. 
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The Sham plam^ like many other plans' to the northward and 
north-westward, is composed of soft shales and sandstones dipping at a 
low or moderate angle. The ranges that separate these plains from each 
other generally consist in part of the harder calcareous bands. 

Eocene Solemin section of the eocene beds on the east dank 

***“8®* of the Sulemati is approximately the following 

Feet. 

(a) Shales, chieflj olive, with sandstones and a few thin 

beds of limestone ... ... 7,000 jjjp 9,000 

(h) Hard brown aaiidstones with a hand of limestone 

breccia near the base ..... 1,000 

These sandstones (b) are a new feature in the eocene system. They 
form a great part of the surface on the main 

Brown sandstones. - , o. , ^ rwi, •. « 

range of the Suleman. They are in general of 
rather coarse texture, compact, and very hard, usually feiruginous brown 
in colour, sometimes purplish, and often pale with dark red or brown spots. 
There is some resemblance between them and the sandstones beneath the 
Cardiia beaumonti beds of the Liiki range in Sind,^ but the latter are 
much softer. In some places a band of limestone containing oysters was 
seen associated with the sandstones in the Sulemdn range as in Sind. 

The limestone breccia of the Suleman is precisely similar to thjj^t 

already described as occurring near Quetta and 

Limeitone breccia. ^ i . 

elsewhere, and as it is clearly interstratified with 

the sandstones at some distance above their base, it serves to mark the 
horizon and to show that in all probability not only are the brown sand- 
stones eocene, but very low eocene, and the underlying white sandstones 
are probably to be referred to the cretaceous epoch as already stated. 

The small quantity of limestone in the nummulitic system through- 
InereaM of limestone southern portion of the Suleman range 

to northward. remarkable. In the northernmost part of the 

^ These plains are maeh more extensive, and the intervening ranges less oonspicnone 
and of imaller dimensions, than the hill shading on the map would lead aiw one te 
anppose. ^ 

•Mem. 0.8.1., VoL XYII, pp. H, fto. 
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area examined^ near the base ef Saronk^ the limestone in the eocene beds 
appears to increase again, and in the Soundhra or Sangarh stream a band 
between 200 and 300 feet thick is cut through. This band is in the 
middle of the system, having a great thickness of shales both above and 
below ; it continues to the northward, and forms a well-marked ridge 
known as the white range. 

To the west of the Sulemdn also, as was clearly shown by Mr. Ball,^ 
„ . ^ ‘ the limestone is much better developed than to the 

eastward. A thick bed of limestone, measuring 
approximately 700 feet, is seen capping the sandstones and shales. But 
it by no means follows that the limestone was originally the uppermost 
member of the eocene system ; more probably here, as iii so many other 
pluoes, and especially east of the Suleman, the highest beds were shales 
and sandstones, overlying the principal calcareous band, but the soft 
overlying strata have been removed by denudation. The coal-bed of 
^ Chamarlung is shown by Mr. Ball to be just 

beneath the limestone, and consequently rather high 
in the system, probably above rather than below the middle. A great 
thickness of shales, sandstones, &c., probably 5,000 to 6,000 feet, must 
underlie the coal horizon, which may perhaps be the same as that of 
I^H^^hrag on the Harnai route, but is more probably later, and which 
certainly appears ^o be considerably higher in the system than that of the 
Mach or Sir-i-Boldn coal. So far as the evidence extends, it is rather 
ill favour of very similar beds recurring in various localities at different 
horizons. 

Northward of the area visited on the flanks of the Sulem&n range there 

E^ne of Northern « » the 

^®“j***' limits of Mr. Wynne's work near Shekh Budin. 

^ . In the hill ranges extending thence along the 

6|iekb Budlo. , , r . 

western side of the Indus, the^ eocene system le 

poorly ston, as at Shekh Budfn itself, where the system i8 represented 

to oonsiat. of lunestone below, with shales clays and sandstones shove ; 

>Bee; O.8.L. Vol. VIT, p. ISl . 
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and it appears to be entirely absent in places. Finally, in the Salt- 
range east of the Indusj the section ^ consists of 

(a) Pale limestone . . 400 to 600 

(h) Wliite sandstones, shales, aitd 
Salt Range. red and grey clays with 

lignite and gypsum . . 150 to 300 

(e) Olive, reddish and white sand- 
stones 150 to 200 


The latter have hitherto been considered probably cretaceous and 
perhaps with reason^ but it is on the whole quite as probable that their 
upper members may be eocene^ like the other olive beds. The boulder 
bed at the base of the group may^ however, very possibly be older. 

North of this, in Hazara, the eocene system is chiefly composed of 
thick dark-coloured limestone, whilst the cal- 
careous element again diminishes in quantity near 
Murree and the Jhelum valley. In the same beds of the Upper 
Indus valley, Ladak, much further to the north- 
ward, scarcely any limestone occurs, and the strata, 
although contorted and indurated, appear to be not dissimilar in character 
to the shales and sandstones of the hills on the south-west Punjab 
frontier. Near Simla, much further east, the 
Subathu nummulitic beds agree in character, ^ 
judge frmn the description, with the soft olive brown and red shales, 
clays, and sandstones of the Suleman range. 

3. Nari. (a) Lower Nari or Oligocene.—Uhe lower Nari or oligocene 
limestone, so well and constantly developid in all 
parts of Western Bind,* except the south, was 
only detected at one place to the northward. This was in the hills 
mmediately north of Bibi N4ni (2 or 8 miles north-west of the military 
post bearing that name) near the Bol&n route. At this place the typical 
brownish limestone (orange brown to wood brown) occurs resting, 
to nil appearance conformably, on whitish or grey eocene limestone, the' 


Hozira and Murree. 


Lodak. 


Subdthu near Simla. 


Lower Nari bedi. 


* Mem. O. 8. 1., Vol. XIY, p. 69. Manual of the Geology of India, p. 481. 

* Mem. O.8.I.. ToU XVU, pp. 49, Ao. 
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Nari limestonoipontainiug the typical NummnliteB tublavi^aia, N, garanm 
wiaiSi and Orbitoidea papyracaa. There was no opportunity for 
examining the spot carefully^ and it is doubtful whether any of the 
higher Nari beds are found, although some variegated strata, seen on a 
neighbouring hill, may represent a portion of them. 

Not a trace of the oligocene limestone was detected east or north of 
the locality named, and it appears now somewhat doubtful whether the 
oligocene sea extended further to the northward.^ 

5. (^) JVan.— No rocks representing the Upper Nari beds of 

Sind were seen on the Bolan or Harnai routes, nor 

Upper Nari beds. 

throughout the Bugti hills, as far east as the 
neighbourhood of Gandahari hill, some 20 miles east of Dera Bugti. 
North of this hill, however, a remarkable series of sandstones, with subor- 
dinate beds of conglomerate and clay, 700 feet or more in thickness, is 
seen resting upon the eocene shales and limestones with pei*fect conformity. 
The most conspicuous beds of the oi^erlying formation are earthy brown 
(greyish brown) sandstones of great thickness, rather darker andharder 
than the Siwalik sandstones,’ and with these brown sandstones are 

' In tins case, the statement I made in the Mnnual of the Geology of Indin, psge 604, 
that tliere is very little doubt that the Nari group is represented in the Punjab, l^cause 
stfine of the characteristic species of nunimulites have been brouglit from Punjab loonlitiea, 
must have been founded on a mistake. 1 certainly, on one ocousiun, saw specimens which 
1 identified with N. yaranseusit, and I think N. sublaviyaia also, in the Geological Surrey 
Museum at Calcutta, and these specimens were said to have been brought from the Northern 
Punjab, 1 think from the neighbourhood of Murree, but I have not been able to re-discover 
them, and there may have been some error in the locality or identifleatiou. 

3 Whgat engaged in correcting the proofs of this memoir for the press, I have received 
Mr. Lydekket^s “ Geology of the Kashmir and Charaha territories ; Mem. G, S. I., Vol. XXII. 
In this the tertiary rooks of the Pir Panjal are divided (p. 47), in descending order, into 
Outer Siwaliks, loner Siwaliks, Murree group and Suhdthn group. So far as the number of 
groups is concemed, this coincides with the classification of the Sulemin tertiaries .adopted 
in the present memoir, viz., Upper Siwalik, Lower Siwalik, Nari beds, and Eocene. Hut 
the most important point is that the descriptiun of the Murree sandstones (p. 88) agrees . 
singularly well with that of the Nari sandstones. Both have a considerable resemblance to 
those of the Siwaliks, but are distinguished by being harder and darker. The limits of the 
Murree beds have hitherto been somewhat indefinite, owing to the difficulty of distfng^lsbli^ 
higher find lower strata of somewhat similar charact^, bat if the harder and darker sand- ; 
stonsa above tbe^Eocene can be* recognised as a distinct group, both on tbe Pir Pai\}f(,l, east/ 
of the Jhelnm, and on the Snlemdn, west of the Indus, there appears good ren^n for 
believing that the same gronp of beds may be traced withopt dUBouUy i^ross the P«in;^ 
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asBQciated^ especially towards the base^dark reddish -browi^sandstoDes^ and 
xeddish and yellowish-brown clays, some bands stained red by iron, and 
otliers black, apparently by manganese. One argillaceous sandy bed of 
a dark green tint mottled with red has a singular superficial resemblance 
to a volcanic rock. 

Precisely similar beds occur throughout the hills to the east of the 
Sn1em£n, underlying the Siwaliks (or Manchhar), and resting upon eocene 
strata. There can be very little doubt that these beds are identical with 
the Upper Nari in Sind, although,' in the Sulemdn range, neither the 
oligocene limestone is to be seen at the base, nor the marine Gdj beds 
overlying. Despite the absence of these two important stages, no un- 
conformity whatever, though carefully searched for, could be detected 
between the Naii beds and the strata above and below them. 

The complete absence of any representatives of the Gdj,^ the great 
Absence of marine naiocene group of Sind, throughout the area ex- 
mioeene beds. amined, 18 a great drawback in endeavouring to 

trace the distinctions of the different stages above the eocene system. 
Still no 'difficulty has been found in distinguishing, throughout the 
eastern flank of the Suleradn range, as far north as the survey was 
carried, three groups, composed chiefly of sandstone or conglomerate, 
conformable to each other and very rarely and exceptionally fossiliferous. 
These groups are the upper Naii just described and the upper and lower 
Manchhars or Siwaliks. 


4. Siwalik or The rocks to which, in order to avoid any 

. risk of introducing confusion into the^ termin- 

Lower Siwalilci. , - , ... 

olog}', the name of M anchhar was given in Smd, 

may, now that they have been traced so far to the northward, be identi- 


Identity of (SiwHlikf 
and Maocblun. 


fled without hesitation as Siwalik, and the latter 
name, which is older and far better known, maybe 


Tlie fcptratioii of tbit group would go far towardi completing the clnieideation of the 
Punjab tertinriee* for the sge of tb^^Hii bedt it well eetabliehed by their poeitiou betw^ 
two meriue groupe In Sind. 

> UnleM. ae it poeeible. the lowest Siwalik bedt» those oontaining vertebrate bonM anS 


i|^ freeh-witnr moUniea subsequontly noticed, repreeent the Gig of Siud. 
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used for them*^. It must, however, be borne ib mind that tlie mamma- 
lian and reptilian fossils found in Sind and the neighbouring countries 
came from the bottom of the system, whilst those of the Jumna and 
the base of the Himalayas generally are from near the top, and 
that the former belong to a far older fauna than the latter, the former 
being probably miocene, the latter pliocene. 

4 {a) Lower Siwalik* — The Lower Siwaliks of the Bugti hills 
Lower 8iw.lih of Bngti‘ Sulemln range consist principal Jy of the 

end Sulemin hiU., characteristic grrey saVtdstone, a soft rock, moder* 

ately fine-grained, and owing its grey colour to small grains of a black 
mineral (probably hornblende) interspersed amongst the whitish quartz 
(or quartz and felspar) grains. With this grey sandstone are interstrati- 
fied numerous bands of a peculiar conglomeratic rock, consisting of 
nodules or fragments of clay and soft sandstone, usually rolled, imbedded 
in an argillaceous or occasionally a sandy matrix. No pebbles of harder 
rocks occur. All the fragments appear to be derived from formations pre- 
cisely similar in colour and mineral character to those associated with 
the conglomeratic or pseudo-conglomeratic beds themselves. Beds of 
clay often occur in this subdivision, and they are not unfrequently of a 
red (usually Indian red) colour ; occasionally they are broken up, and the 
separate portions, sometimes a foot or two in diameter, rolled and 
re-deposited in a matrix of sand or clay of a different colour. Highly 
ferruginous bands, not uncommonly consisting of pseudo-conglomeratio 
beds strongly impregnated with iron, are found near the base of the giuup, 
and richty coloured clays and sands of varying tints are often seen in the 
same, position. 

In the lower beds of this subdivision fragments of mammalian and 
HamnuOUii and repti- reptilian bones occur locally in considerable num- 
liaa resaaiiia. israre for the bones to be perfect, but still 

occasionally unbroken specimens are found, and in one instance the greater 
portion, if not the whole,, df a Rkinoeeroe skeleton, appears to have been 
imbedded. Several forms have been determined by Mr. l^dekkwlrom 
beds in the same relative position in Sind, and from others supposed to. 

( ) 
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belouj^ to this horizon in the north-western Punjab. It has already been 
mentioned in the introductory chapter that bones were noticed in these 
rocks near Dera Bugti by Captain Vicary, and several localities^ especially 
Gandoi, Kumbi^ nnd a spot 5 or 6 miles south-east of Dera^ are prolific in 
remains of Fertebraia and also of mollusca. Of the former^ Mastodon 
and lihinoceros are the mammalia most frequently represented. Some teeth 
of ]}inotherium have been obtained^ and molars of an Anthracotherium 
and of a huge Hyopoiamus.^ Several teeth and bones await further 
examination. Bones of crocodiles^ gariuls, and tortoises of various kinds 
are also found in considerable quantities. But the most important dis- 
covery was that of the following seven or eight species of fresh-water 
shells. They are described and figured in the appendix to this report. 


Melania pseudepiecopalis. Bp. nov. 

M. gradaia^ Bp. nov. 2 varB. 

Paludina lugiicOf sp. nov. 

Unio vicargi, sp. nov. 

U. cardiiformis,^ Bp. nov., 2 van. 

U. cardita, sp. nov. 

U, pugiunculus. Bp. nov. 

As will be seen by the above list^ all of the seven species, sufficiently 
well preserved to be compared, are extinct and hitherto undescribcd ; 
one, however, Melania pseudepiscopalis, is closely allied to several living 
forms, and another, Unio pugiunculus, is less nearly related to some exist- 
ing species. In both cases the surviving representatives are found in 
countries at a distance to the eastward. Taludina bugtica is not a 
characteristic type, but it is not near any living Indian fonn of the 
genus. Air the other species are very different from anything now known 
to exist in any part of the globe. 

1 Since the above wrb written, some of thege have been dcBcribed by Mr. Lydekker (Pal. 
Ind.8er. X, Vol. 2, Ft. 6, pp. 152, 158, Ac.) ns dnthracothm inm hgopoiamoide aitd Hgopoiamue 
$igani€us. The Matfodon found hae been idmtifled with th» European M. angnttidens 
(Bee. 0.8.1., Vol. XVI, p. 161). The Mhinoceros, 1 learn from Mr. Lydekker, may 
perhaps be new, but it requires further comparison. 

* It is probable that the ill-preserved ribbed bivalve inolluBca found by Mr.^ Wynne in 
the bide overlying the eocene of Kobdt, Mem. 0. B. I., Vol. XI, p. 168, may have bee o e 
of the Onioa now described. 
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All the above are typically fresh.^ater, probably river/ fonus. They 
are associated with bones and teeth of rhinoceros. In the Sulemte^ 
hills^ at the same horizon^ close to the base of the Siwalik system » a 
few ill-preserved remnins of mollusca were found in two localities. 
The majority appear to be fresh-water shells, and they comprise two 
forms of TJnio closely resembling^ those obtained from the Bugti hills 
and probably identical, but with these Unios at one locality were a 
Cerithium, a NaUca hnd a Cj/rena-Mke shell, showing the presence of salt 
water. The bed in this case may have been of estuarine origin. 

When it is remembered how close is the connexion between the 


Relntiona to Upper Upper Siwalik mollusca of the Sub-Himalayan 
Siwahk forms. tract and those now living in the country,* and 

that, out of a considerable number of species found in Upper Siwalik 
strata, only one is supposed to be extinct or wanting in the recent fauna 
of Northern India, the circumstance that all or rearly all the forms 
from the Lower Siwaliks are extinct, and that none are even allied to 
the species of the same genera now inhabiting the country where 
they are found fossil, shows how wide a difference in age there must be 
between the two faunas, and renders it probable that a long period of 
time elapsed between the formationjof the deposits in which they sever- 
ally occur. The mammalian remains, as has already been shown,* led 
to the same conclusion, which is supported by the additional mammalian 
discoveries recently made. 

In the country recently examined, the Lower Siwaliks are found 


Geograpbical diitribn- 
tion of Lower Siwaliks. 


throughout the Sulem^n range as far north as the 
survey extended, and throughout the southern 


* All. tbe Unios have thick heavy sbells. This would prove but little alone, but the 
absence of any species with thin shells is opposed to the probability of the fauna hiiviQg 
Inhabited a mareh or lake. The absence of Lymnaot Phya, PlanorbfUt and other lake and 
marsh-lbving forms tends to the same conclusion. At the same time, the oiroumstaneo 
that In ipost of the specimens of Unio both valves occur united shows that the shells most 
have bete preserved almost on the spot where they lived, and that they have not been 
washnd any dkti^noe down a river. 

• Manual of the Geology of Indie, p. 576, and Rec. G. S. I., Vol. XV, 18S2, ^ 100. 
s Manual, pp. 472, 681, Ao. 
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part of the Bugti hills. To the westward, however, the lower subdivision 
^ the Siwalik system appears to die out, and although it may be 
represented on the west flank of the Bugti hills near Lehri, it entirely 
disappears further to the northward, for both on the Nari river and on 
the Bolan, Upper Siwalik beds rest directly, and in the latter case, 
uncouformably, upon the eocene. The Lower Siwaliks appear always, 
Relations to underly- Sulemdn and Bugti hills, to be conformable 

ing beds. rocks Underlying them, whether these rocks 

belong to the Upper Nari group, as in the Sulemdn range, or to the 
eocene, as in the Bugti hills. The perfect conformity in the latter case 
is very remarkable, for, at a distance of a few miles to thS north-east, 
a mass of Nari sandstones and clays, little if at all less than a thousand 
feet in thickness, is intercalated, whilst at no great distance to the 
south-west, in Sind, several thousand feet of Gaj and Nari beds inter- 
vene. The sections in the Bugti hills are admirably adapted for exposing 
unconformity, if any exists; the boundary can be traced without a 
break, for jiO or 30 miles or even more, along barren cliffs and steep 
hill sides ; and the Siwaliks, throughout this distance, rest upon a thin 
band of shaly limestone, underlain by soft shales and clays. The 
removal of the limestone at any place before the deposition of the Siwaliks 
would be easily detected, more especially as the soft underlying beds would 
in all probability have suffered from erosion. To complete the singularity 
of the case it must be remembered that not only is there a huge geolo- 
gical break between the two systems, a break represented by two whole 
groups of an aggregate thickness of 6,000 to 7,000 feet in a neighbour- 
ing country, but the lower or eocene system is purely marine, whilst the 
overlying Siwalik beds are entirely fresh- water or subaerial. 

4 {b) Upper Siwalik , Upper Siwaliks have a far more general 
distribution than any of the other tertiary groups above the eocene. 

They are perfectly conformable to the Lower 
Siwaliks, and indeed pass into them, yet the two 
are easily distinguished, as a rule, by the circumstance that thCT pseudo* 
oonglomeratie beds, aboA^e described as consisting of clay or soft sandstone 
( 164 ) 
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Dodules or fragments in an argillaceons or sandy matrix, are characteristio 
of the infenor sub-division , and are replaced in the upper group by 
true conglomerates of hard sandstone and limestone pebbles, in a sandy 
or calcareous matrix. Nummulitio limestone pebbles af>odnd in the 
Upper Siwaliks of Baluchistan and the South- Westeri^Punjab^ but are 
not found in the lower, and the sandstones prevailing in the former are 
light-brown in colour, not grey as in tli^ latter.^ The sandstones of the 
Upper Siwalik do not differ greatly from those characteristic of the upper 
Nari beds, but Ibe former are softer^ paler in colour, and loss earthy or 
greyish-brown. 

Towards the top, as in Sind and elsewhere, the Upper Siwaliks become 
very conglJineratic^ and the uppermost bed is usually an excessively 
coarse and massive conglomerate, generally abounding in rolled pebbles 
of nummulitic limestone. This conglomerate is frequently conspicuous 
from its forming a range of hills, sometimes of considerable height, at 
the verge of the hill area and on the edge of the alluvium. In one 
place near Cboti Bald, south of Sakhi Sarwar and south-west of pera 
Ghdzi Khan, there is distinct unconformity between this uppermost 
conglomerate and the other beds of the Upper Siwaliks, but the uncon- 
formity is probably local and exceptional. As a rule, absolute con- 
formity *ind transition prevail between all the subdivisions of the Siwalik 
system. At the same time, as has already been noticed, the Upper 
Siwalik beds overlap both the Lower Siwaliks and the Nari group, and 
rest upon the eocene beds in the hills surrounding the Kachi, and in the 
Boldn Pass there is great unconformity between the Siwalik and eocene 
beds, the bed resting upon the nummulitic limestone near Kohandildni 
being apparently the uppermost Siwalik conglomerate. 

The Upper Siwaliks appear to form an unbroken fringe to the Indus 
iHatiifbiition on margin alluvium from the south- western extremity of the 
of indui, plain. • examined near Sibi to the neighbourhood of 

Dera G|bdzi Khdn. Further north than the lost named station, in soma* 
places at all events, the beds bordering the alluvial plain are apparsBtly 
* Tbii dittinlotioii does not, 1 believe, bold good in the Sob-Himnlayan tnete. 
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Lower Siwalik. The Upper Siwalik beds are^ howoTer^ not confined to 
the margin of the hills^ they occur in a longf synclinal belt near the 
base of the Sulemdn rang^e north of Sakhi Sarwar, and similarly near 
Bugti Dera. They may perhaps also be found in the Mari hills. A 
conglomerate bq closely resembling the uppermost Siwalik conglome- 
rate as to be undistinguishable from it occurs around the Lal^chi and 
Kirta plains on the Bol6n route, and is also found, generally much 
disturbed and turned on end, in the yal1e3’^s between Quetta and Kach 
on the Harnai route. ^ It should also be mentioned that Mr. Ball* 


observed similar conirlomerate to the west of the Sulem^n range. 
The circumstance that the Siwalik beds seen resting unconformably 
on nummulitic limestone in the Lower Bolan Pass, near Kohandilini, 
are conglomerates of precisely similar character, tends to confirm the 
idea that the inclined conglomeratic beds around the Kirta and Lalachi 
plains and elsewhere in the neighbourhood belong to the same division 
of the Siwaliks. 

The occurrence of Siwalik conglomerate north-east of Quetta, on 
the road to Kach, has just been mentioned. 
SiwalikB nenr Quetta. north of Quetta other beds, chiefly 

clays and sandstones, that have every appearance of belonging to the 
Upper Siwaliks, recur in great thickness. They form the greater part 
of the Mashalak range, traversed by the Ghaziaband Pass, and they 
appear to be extensively developed in Pishin. Tliese beds have already 
been noticed in the introductory chapter, where reasons have been 
given for assigning them to the Upper Siwaliks, instead of to the Gaj, 
as supposed by Mr. Griesbach. 

It is scarcely necessary to recall the fact that nearly the whole 
FrcBh-wRter origin of Siwalik system on the north-eastern, northern, 
Siwalik ijratem. western margins of the Indo-Gangetic plain 

consist of fresh-water or subaerial deposits. The few exceptions known 


> I am informed that limilar eonglomerate occurs on Ziirghim hill, over 11,000 feet high 


nerth-eest of Qnetta. 

• Bee. G. S. 1., Vol. 1874, VII, p. 150. 
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are locals, and consist of beds^ probably estnarine, at or near the base of 
the series, and at no excessive distance from the present coast, the 
most remote locality being the South-Western Punjab. By far the 
greater portion of thp strata appear to have been deposited by rivers. 
The conglomerates of the Upper Scwaliks are evidently due to stream 
action, and the clays and sands, together with the conglomeratic beds 
or agglomerates containing pellets of jelay and soft sandstone, have all 
the appearance of river deposits. Indeed many of the beds are very 
similar in character to those forming the great Indo-Gangetic plain ; 
the gravels of the bhdbar corrtsponding to the Siwalik conglomerates. 
It is true that the pebbles in the recent gravel slopes west of the Indus 
are more frequently subangular and less generally rounded than those 
of the Siwaliks, but in the tract at the base of the Himalayas, where 
the rainfall is so much heavier^ the rounding of the pebbles is much 
more complete.^ 

The occurrence of the Siwaliks within the outer Afghan and Baluch 
Former extengion of ^ considerable elevation above the sea may 

Indo-Gaugetic plum. probably indicate that the great river plain of 
Northern India extended further to the westward and north-westward 
in Siwalik times than it now does, whilst the absolute conformity of 
Siwalik. to eocene strata in so many places shows that in those places, at- 
all events, the nnmmulitic rocks bad been neither up-heaved nor dis- 
turbed till after the deposition of the Siwalik system. In other parts, 
however, as in the Bolan, the eocene beds had been disturbed, at all 
events before the formation of the Upper Siwaliks. The general evi- 
dence, nevertheless, on the margin of the South-Western Punjab, as in 
Sind, is that the disturbance of all the beds from the cretaceous upwards 
is mainly post-pliocene. In this respect there would appear to be a 
difEerence from the conditions described by Mr. Medlicott^ as existing in 
the Sub-Himalayan tract, and this difference may indicate that the dis- 

^ Tills Ht least is tlje case so far as my observation baa extended, bat it would be well 
if some ad^tionaF attention were devoted to tbe subject. 

* Manual of the Geology of India, p. 670, &c. 
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turbsnoe of the Himalayas preceded that of the north and south ranges 
treat of the Indus.^ 

Foil-pliocene and Recent. — If all the disturbed beds of conglo- 
Pont-pliocene and re- aerate Oil the BoUn aud^ Harnai routes and 
oeut bed*. around Quetta be referr^, as just suggested, to 

the Siwalik system, only the deposits of the various plains within the 
hills, and the slopes of gravel along the foot of each range, will re- 
main to be considered as of post-pliocene age, together with the Indus 
valley alluvium. 

All these formations or deposits corresponding to them have been 

fully described and discussed already.* The plain 
Indtu allovium. i? i t i • i i i 

of the Indus is covered by deposits from the 

flood waters of the river, mixed with fine dust and sand transported by 
the wind. In many places large tracts are covered with hillocks of 
blown sand, the abundance of this form of surface being always in 
approximately inverse proportion to the rainfall, for heavy rain tends to 
carry all such loose formations into the streams and thence to the sea. 
Along the edge of the hills is a slope of rounded or subaugular gravel 
Gravel slope or Bh4- derived from the ranges. Where streams issue 
from the hill country, the gravels of the slope are 
more developed than 'elsewhere, and form the well known fan-shaped 
deposits. Generally to the west of the Indus the slope extends for a 
mile or two from theout ermost ranges ; occasionally, however, the breadth 
is greater. Far beyond the marginal slope, the surface deposits are main- 
ly composed of flner detritus brought down by the hill streams and 
spread by them far and wide over the surface of the plain. The pat " 

or desert of the Sind frontier is mostly covered with silt derived from 
the hill ranges. 

^ In Sind also the prineipnl diifcurbunoe appears to have been posfc-pliocene ; Ms.nnftl 
of the Geology of India, p. 474. 

^Manual of the Geology of India, pp. 891, 421, 478, &o. Q. J. G. S., 1878, p. 496* 
Eastern Persia, Vol. 11, p. 465. See alito Drew. Q. J G. 8., 1878, p. 446, y. Riohtofi|Mi, 
China, I. pp. 66, Ac. Tietse Jahrb. k.k. QeoL Beichsanst. 1877, p. 841» lS7fi^ p. 69l.' 
Griesbaeh. Mem. G. 8., Vol. 1. XVltl, p. 9^ Ac. 
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The great gravel deposit o£ the Khirthar and Snlem&n ranges . 
tiot only forms a slope along the margin of the plain oonntry^ bat il 
frequently occupies large areas within the outer ranges. In these in- 
stances an opportunity is afforded of seeing the process by which the 
great gravel slopes that fringe the plains of Central Asia have been 
formed^ before the minor ridpea have been covered up by the detritus 
derived from the higher. 

The x)ebbleB composing the gravel of theae deposits are partly sub- 
angular^ partly rolled. It is not always clear why some pebbles appar- 
ently derived from the same rock are much more rolled than others. 
The difference does not depend upon size. Some large boulders are 
rounded and some small fragments angular. 

On the plains within the hills the surface formations vary greatly. 

Post pliocene beds of Sometimes, as on the Sham plain, the thickness 
of these accumulations is inconsiderable, and the 
underlying beds are exposed over a large portion of the area. Else- 
where, as near Quetta, the whole surface of the plain consists of sub- 
recent deposits of great thickness^ partly of aqueous origin, and washed 
by streams or floods from the hMls around, partly in all probability, as 
in the Indus valley, derived from the atmosphere and consisting of fine 
particles transported by the wind. The latter form prevails towards the 
middle of the plains, whilst along the margins coarser detritus is 
deposited from water, so as to form the slopes of rounded and subangu- 
lar gravel noticed by so many travellers, not merely in Afghanistan, 
but throughout the greater part of Central Asia. In the gravels of 
the slopes the underground channels known by the name of Karez in 
Afghanistan (and I believe throughout the Turk or Turcoman countries), 
and by the term Kandt, in Persia, are dug for the purposes of obtaining 
water for irrigation. 
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PART II.— DETAILS. 


Billocks of Siwalik. 


CHAPTER IV. 

NOTBfl OK THB ROUTE FROM SIBl TO QUETTA BT THE BOLAN FASS.^ 
The greater part of the alluvial plain n^r Sibi resembles the pat ” 

AUnvial pj^in near desert which is near the base of the hills 

and owes its formation to deposits from the hill 
streams. There are^ however, near Sibi, a few hillocks covered with 
pebbles, chiefly of nummulitic limestone. One or two similar hillocks 
covered with pebbles occur about 8 miles 
further south, near Pirak Pir (the tomb of a 
/itr, or Mussulman saint, on one of the rises), and others towards Br6bim 
Bardn, south-west of the road from Sibi to Pir Choki at the entrance 
of the Boldn Pass. The pebbles may be derived from a post-pliocene 
conglomerate, but as, beneath similar pebbles, both to the south-west 
near Dadar and south-east near Mai, SUwaliks appear, there can be very 
little doubt that the sandy clay of all these small hillocks is decompos- 
ed Siwalik sandstone and other beds, and the pebbles may be derived 
from Siwalik conglomerates. 

South-east of Didar and Pir Choki these hillocks rise into low hills, 

HIUi between Didar ^orm a tract of broken country extending 

andMittri. miles from north-east to south-west. 

The low hills are crossed on the road between Mittri and DlLdar, and have 
been noticed by many observers, from Hutton to Griesbach. They have 
especially been mentioned in the preceding introductory chapter, on 
account of the rocks composing them having been referred by the 
last named writer to the Gaj group. I crossed these hills from Pir Choki 


* Many of tbsae notea on the BoUn Faae are identieal with thoaa pabliihed by other 
dfaaervarai but they aze here firen as a whole to prereot the nooeetity for eearohing through 
amBerona worinfbr a deeeription of the geology. Meoy of the obeer?atioi% toob we, If 
aotnew, at least eonnected with a ehweifleation of the geologioBl loriuitl|oiia dUferiag 
•OBMwhat fvoai that adopted In other daaoriptlone of the route. 
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ROOT! TO QUBTTA BT THB BOlXh PA69. 


to nenr Mittri. They are oomposed of light brown or drab ■andstonef 
' and clays with a few beds of gravel or soft conglomerate. A little gypsntti 
occurs in flakes. I saw no red or white clays.^ The hills are formed by , 
a low anticlinal, and the beds dip west-north- west nefcr D4dar and east- 
south-east on the Mittri side^ The dip rarely erceeds 5^, and not more 
than I ^000 feet of beds can be exposed on I’he road traversed. 

The beds are clearly^ so far as I can jndge^ Manohhar or Siwalik^ and 
The beds are Upper ^ think ail seen by me must be classed in the 
Upper Siwalik subdivision, as already stated in 
the introductory chapter. No Lower Siwaliks were detected in the 
neighbourhood, and no characteristic Lower Siwalik rooks, such as the 
grey sandstone, or the conglomerate of clay nodules, were found amongst 
the beds of the Dadar hills. 

Dddar is on the alluvial plain that intervenes between the hills just 
^ noticed to the south-east and the outer ridges of 

Relations of Siwaliks 

in Dddar hills to those the main range to the north-west. The Bolan 
of Pir Choki. 

Pass leading into the latter is entered at Pir 
Choki. Here the beds are Upper Siwaliks dipping north-west, and if 
the same dip is continuous beneath the alluvium around Dadar, the 
strata composing the hills to ^the south-east of D£dar must be at a 
considerably lower horizon. But, a few miles north of Pir Choki, the 
Siwaliks at the edge of the main range are seen to dip south-east, and 
there is much probability that they do the same beneath the alluvial 
plain between Pir Choki and Dadar, in which case the beds of the 
Daddr hills may be merely a repetition of those to the westward. 

The Siwaliks seen at Pir Choki consist of drab clays and sandstones, 
Siwaliki of Pir Bome bands of conglomerate. All appear 

to be Upper Siwalik. The dip is about 10* to 
15'’ to west-north*weBt. For about 3 miles the road, following the 
Bolin tiver, has a north-west direction, then there is a sharp tom to 


* Some wmte notloed by Qrletbaoh on the road he travened, which lice 4 milee 
north of that esamiood by meu The beds aoen on the two loadi nmet be nmAj en the 
came boriaon. » 
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Conglomezate. 


iouth-west. Just at the bend in the river^ ooii»e conglomerate 
comes in, resting upon the sandstones and clays, and 
continues for about 6 miles to Kohandildni, the 
road throughout running nearly parallel to tbe strike of the beds, which, 
however, dip rather irregularly. At KohandiUui there is another 
abrupt change in the direction of the stream, and the road turns due 
north. The conglomerate continues for about half a mile, and then num- 
mulitic limestone crops out from beneath it, apparently quite unconform- 
ably. The conglomerate is massive, neither sandstone nor clay being 
interstratified in general ; it contains large pebbles of nummulitic lime- 
stone in abundance, and it has every appearance of being the uppermost 
conglomerate of the Siwalik system. 

From half a mile above Kohandil^ni the road traverses a narrow 
gorge in the nummulitic limestone till near South Kirta. The limestone 
NunmnilitM* of Lower at first ia very nodular,' subsequently more dis- 
tinctly bedded. The dip is irregular, but lower 
bed gradually appear, and before reaching South Kirta, sandy clays, 
light brown and olive grey in colour, crop out “from beneath the lime- 
stone. These clays, as Mr. Griesbach has shown, are doubtless repre- 
sentatives of the beds at Mach, higher up on the Bolan route. 

At South Kirta the gorge, through which the route has passed 
Plain of Eirta and ^om Kohandildni, terminates, and the road 
*'*'^**‘’ enters upon a large plain, covered with coarse 

gravel. This plain, called Laldchi to the north and Kirta to the south, 
on the map, extends about 25 miles from north to south, and is, where 
broadwt, 6 miles wide. The gravel appears to have been entirely deposit- 
ed by streams running from the surrounding hills, and is rather coarse 
in general, many of the fragments composing it being subangular, and 
a very large proportion of them consisting of nummulitic limestone. The 
surface of the plain is not absolutely level ; there is a considerable ascent 
from south to north, and large fan-shaped deposits of coarse pebbles 

> Grietbseh, p. 80, saggeiU tlie pcitibUity of thii llmettene being Ear!. This, how- 
ever, it not the Similnr beds are not nocommon in the Ehirtbar of Eind. ' 
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ooonr at points where streams issue from the hills. One of the beet 
marked of these is at Bibi Ndni^ the halting place beyond South Kirta. 
From the camp at Bibi Ndni the road^ instead of ascending as U6ual| 
descends over a distinct slope for some distance till the edge of the fan 
Pan depont at Bibi “ reached, thence tbew> is again an ascent. But 
no stream bed occurs at the bottom 81 the 
depression ; the water of the streaMa to which the fan is due runs nearly 
at the top of the incline and supplies the Bibi Naui camp with water. 

The hills around the plain are chiefly composed of nummulitio 
Sbvaiik conglomerate limestone, but at their base, throughout a great 
around plain portion of the Circumference, ore low hills or 

hillocks of conglomerate, evidently of greater antiquity than the 
gravels of the plain, for the beds are inclined instead of being horizontal. 
Close to South Kirta, about flOO or 800 yards south of the camp, some 
small hills of this conglomerate consist of beds dipping 25* or 30° to 
the westward. The conglomerate is darker in colour than the gravels 
of the plain, in consequence of the large proportion of dark grey lime- 
stone pebbles, perhaps « derived from cretaceous beds, that it contains. 
All the pebbles are thoroughly rounded, and some of them are of large 
size, some pieces of the dark grey limestone being a foot in diameter. 
Altogether the resemblance of this conglomerate to that of Siwalik 
age seen resting unconformahly on nummulitic limestone liear Ko- 
handiMni is so great that the two are probably identical. As will 
be shown hereafter a similar conglomerate is very conspicuous on the 
Hamai route north-east of duetta. 

On the hills north-west of tiie camp of Bibi N6ni (the range north of 
Nuri oUgooene lime- called Bibi Nani on the map), a brown 

•tone near Bibi NAni. nummulitic limestone^ and, orf 

account of the colour, is conspicuous from a distance. This brown rook 
proves, on examination, as already mentioned in the introductory chapter, 
to be the typical oligooene limestone of the Nari group, ^ precisely the same 

* I am not'at el] enrprieed at Grleebeoh*! not having natioed thiebed. Mjoam raeog^- 
tion of It was partly aooidantiljl; had 1 been marching Oeom the north instead of <hoiBi,w 
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as in Sindf and abounding in the characterietic Forami%\fwa ; NurnmnUtu 
$arami€mHi, N. Buhlavigata^ and OrbitoideB papyraeeuB, On the eastern 
side o£ the range, seen from the road, the Nari beds only appear in patches, 
and near the cr«st of the hills ; but th^ line a small valley running 
nearly north and south between two parallel ranges, the more eastern of 
which is on the border of the plain. Besides the brown limestone, on the 
west of the small valley, there are some highly coloured variegated beds, 
purple, red, and white, probably also belonging to the Nari group. The 
brown Nari limestone is vertical, and has the appearance of being let in 
by synclinal folds, as in the following figure : — 



The ridge of hills on which Nari beds are exposed continues to Ab-i- 

gum.^ North of this place is a range of hills that 
Hills nasr Ab-i-gdm. ® ^ ®. 

looks from the road like a continuation of that to 

the south, and on this northern range there are also conspicuous brown 

limestones, but, on examination, where the hills approach the road, these 

beds appear to be below instead of above the main mass of nummulitic 

limestone, and to contain none of the characteristic oligocene foramini- 

feiia* dSither there must be a fault at Ab-i-gdm, or the beds are much 

'twisted and contorted. 

The road leaves the open plain and enters more broken ground, shortly 


^•oatb, I ilumld probsbiy bare sappoied it to bA the nme as a brown limeitone teen, a little 
further noetli, much nearer to the roiul, and of lower eocene age. Of oonne when trarenlng 
a odontry rapidly, roeka at a diatanoo froBa the road are only viaited when tbeiS ia leaaon to 
euppoae they preaent featorea of peculiar Intereat. 

. * Ab-Lgaum of the accompanying map. 
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before arriving at the post known as Maoh,^ a locality that has attraot- 
•ed notice on account of the ocoorrenoe of coal or lignite beds in the 
immediate neighbourhood. * The rocks ^near the camp at Mach are all 
Beds associated with iower in position than the main mass of nnmmali- 
coal near Maoh. limestone, which comes in to the eastward, and 

which they underlie ; they consist of g^ref and olive shales, weathering 
into clays at the surface, soft sandstones, thin bands of coal,* and a few 
calcareous beds cos»tainiDg marine, or perhaps estuarine, foieils in great 
abundance, but of few species. One of the ooal beds,* opposite the 
camp at Mach, measures 30 inches in thickness at one spot, but it is 
extremely doubtful if the thickness is constant for more than a few yards. 
The seam dips at to the northward, and several smaller seams occur 
above it at intorvals of a few feet. The thinness of the seams, the high 


^ Cloae to the spot marked Bent on the map. The place marked C. G. (P camping 
ground) is probably that called Ab-i-gdm by some trsTellers, and lie! a little porth«east of 
Mach. 

* For a deacription of the ooal and of its yalue for economic purpoaea aee Reo. G. S. I., 
1882, VoL XV, p. 149. 

* Grieabach’a aection, Z. pagea 24-26, girea a fair idea of these beds. He states that 
the coal is formed of seaweeds, but does not giFe his reasons for adopting this opinion. I 
did not observe any remains of plants sufficiently well preserved to afford a cine to the 
character of the vegetation now preserved as ooal. 

I may here remark that I am not disposed to agree with Grieshach’s view, that the 
lateral movement or pressure to which the convolntion of the Maoh beds is doe " most have 
anted from the south-east towards north-west.” 1 am rather disposed to believe that the 
pressure came from the westward or north-westward. To the south-east in the Bogti hills, 
and still more towards Sukkur and Bohri in Sind, the rocks are bqt little dietnrbed, whilst in 
the opposite direction the disturbance is excessive, showing, I think, that the lateral move- 
ment was greatest in that direction. Moreover, all round the Indian Peoinsnla, the thmat 
has the appearanoe of being towards the peninsnla, not away firom it. Bee Manual of the 
Geology of India, Introdnotion, p. Iviii; Sness, Entstehnng der Alpen, pages 126-144. 
AuotUbr point too on which I feel some donbt is whether, as Griesbaeh thinks, ** the days 
may have been pushed over the harder underlying limestone.'* It is more probable, I would 
■ngges^ that aetnal lateral movement bea been the same in both, al&ongh the efflwto 
may be someorhat different in producing contortion; 

* An analyda of this ooal by Mr. F. B, Mallet, gare— 

Water drimoS at SWrFuhr. JO« 

Volatile matter ezdlosive of water . • 88*1 

Fixed carbon ■ 4PG 

Aah ; 1(H> 

100*0 
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dipBi and tbesoftnesB of tlie associated beds combine to render any attempt 
to work the coal on a large scale hopeless. A considerable quantity of 
usaful fuel can doubtless be obtained^ but no permanent supply for large 
works, unless thicker beds are found under more favourable conditions. 

Ike best sections are seen in the tributary streams, especially in one 
that joins the main stream or Bol4n just opposite the camp of Maoh. 
This tributary is tbe Maki nadi of the quarter inch map. 

In the main stream itself scarcely anything is seen except conglo- 
Conglomerate near “©rate, disturbed in places, for instance just 
above the camp, on the west bank of the stream, 
where the dip is 80° to the westward. There is, however, much difference 
between this conglomerate and that occurring along the edge of the plain 
to the southward and supposed to be of Siwalik age, for the pebbles in the 
Mach conglomerate are less rounded, and boulders occur, some of them 
6 or 6 feet in diameter. 

Beyond Mach, as far as Sir-i-Bol4n, a distance of about 6 miles, the 
Road north-west of ® north-west direction near the river, 

over a plain of gravel that extends for some dis- 
tance to the east and north-east. South-west of the river, at a little 
distance, is a range of hills, composed of rocks, chiefly limestone, under- 
lying the beds of Mach, and apparently of cretaceous age. The olive 
Baiement beds of shales and their associates are seen at 

intervals in the main stream and to the westward 
for some distance, being in general nearly or quite vertical. At the base 
of the range to the westward, at the only spot examined, in a position 
intermediate between the eocene shales and the limestones of the hills, a 
b64 of limestone breccia was seen, of the peculiar character notidB in 
Chapter III as ohamcteristic of the basement beds of the eocene system, 
and tsonsisting of dark angular limestone fragments in a rather paler 
gi!iey limestone matrix, both matrix and inclnded fragments containing 
A ferruginous brown band abounding in small Nummulitea 

was also seen. 

■A good section of tbe rooks bebeath the eocene, the same dqubtlte 
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ai those forming the range firat noticed^ is exposed in the nimrow stresBi 
'bed of the Upper BoUn Pass, through which the road runs from Sir«i- 
n ^ B U P ^ l^z4n. One of the highest beds seen is 

a dark grey limestone Abounding in small iVaiitsiii- 
Hies and Opereultna, and with peculiar forms, probably concretionary ,^bttt 
resembling sponges, weathering out on the sarfaoe. In anothei^ bed an 
Orditoides occurs (probably 0. dufpHtnaua, the oommon eocene species). 
No Alveolina were observed. These beds appear to be the lowest of the 
eocene system, and very nearly on the same horizon as the limestone 
breccia mentioned in the last paragraph. Beneath them is a considerable 
thickness of dark grey or black limestone, traversed for some distance by 
the stream, which runs at this spot, the narrowest part of the pass, 
nearly parallel with the strike of the beds. Towards the base of the 
limestone is a bed containing large concretions of flint a foot in dia- 
meter, and below this bed there is some pisolitic iron ore. Then comes 
sandy limestone containing rounded grains of silica, and then a great 
thickness of cream-coloured thin-bedded shaly limestones or limestone 
shales, in which no fossils could be found. The thickness of the whole, 
beneath the beds believed to represent the base of the eocene, may perhaps 
be 500 feet or rather more. The cream-coloured shaly beds are the 
variegated limestone shales,^^ and the more massive dark overlying 
rock the “ black compact limestone ** of Chapter III. 

Opposite the camp at Dozan there is a cliff of the limestones seen 
in the stream section. At the base are the 

Dozen. 

whitish and grey shaly limestones, having a thick- 
ness of probably 200 feet. 

From Doz4n the road runs west for 2 or 8 miles, passmg fiist 
over the same limestone shales, and then turns to the south-west at a 
spot where the strata are much disturbed. Beneath the limestone 
shale^ thick black or blackish limestone, veined with white caloqMur» 
crops #at. This rock is clearly the same as the upper portion d the 
thick oretaccQUB limestone near Quetta. After 2 or 8 mcie milcs^ 
the road again turns to the north-west, crosses a low ridge of 
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Ultddsh limestone^ and enters on the Chota Dasht of the map^ one of 
the plains of the Quetta plateau. 

The Chota Dasht and Dasht-i-Bedaolat^ are broad flat plains, 
Ghota Dasht and absolutely stonekss in general, although the latter 
I>Mhui-Bedaoiat. jg covered with stones to the northward near 

Sir-i-4b. They are very barren from want of water, but consist of a 
flue soil,' probably of subaerial origin, and that would doubtless be highly 
fertile if irrigated. 

The road to Quetta from the point where the Chota Dasht is entered 

runs first north-west, and then nearly north across the plain. The hills 

Hoad from Darw&za J^o^th and south of the comparatively narrow 

to Qne^ strait called Darw£za, (where there is a camping 

g^und called Dasht,) that unites the two plains, consist of the black 

cretaceous limestone dipping west by north. The hills immediately 

Uppermoft cretaceoiu east of the road, 6 or 7 miles beyond Darw^za, are 
beda norfh-weit of Dar- v i. i 

wAu. of the same limestone, upon which, close to the 

road, white, cream-coloured and purplish shaly limestones rest, overlain 

by more black limestone, interstratified with some that is brown and 

some whitish in colour. All dip to the south-west, in the direction of 

the plain, and no higher beds are seen. There can be no reasonable 

doubt that the variegated shaly limestones are the same as the beds of 

Doz&n, and i& each case, as in the Chehiltan rapge to the westward, 

black limestone overlies them. The thickness of the two above the 

thick black limestone of the hills north-west of Darwiza is probably 

about 500 feet. Eocene beds should come in above the upper black 

limestone, and they probably do so beneath the deposits of the Pasht-i- 

Bedaolat. The same thick black cretaceous limestone appears to con- 

tinue throughout the hills on the east of the flat as far as Quetta. 

The hills west of the road to Quetta a little south of Sir-i.db are 

an anticlinal of pale cream-coloured limestone, 
gonth of Quotte. . <1 • . 

very homogeneous in texture, and precisely simi* 

>LltUe Catand PoTorly flat. Tlie latter ii a mneli eloier aqaivalent % 

Gflr B. Tenide^ tnuidatloo **yale of Poverty.*' 
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lar to the hippuritio limestone of Persia. These beds most underlie 
the thick black limestone, which oomes in again to the westward, and ' 
forms tile Chehiltan range, on which some notes will be found in the 
next chapter. 


CHAPTER V. 

* » 

NOTKS ON THE NBlOnBOUBHOOD OF QUETTA. 

The town of Quetta stands in a comparativ^y fertile plain, drained by 

the tributaries of the Lora river. As usual in all 

Position of Quetta _ ,... 1.1 . < 

Central Asiatic plains, the margins are stony and 

formed of a slope of detritus washed from the neighbouring hills. Quetta 

stands at the base* of the elope forming the eastern margin of the plain.^ 

Some peat* occurs about half a mile west of the station at Quetta, 
and occupies a considerable area of marshy 

Foat. 

ground. The peat is not very pure, as it is some- 
what mixed with earth, but it closely resembles that found in Europe. 
None was traced in process of formation. 

The Miri or citadel of Quetta is on the top of a mound, rising 60 or 
60 feet above the plain. A galleiy driven by the 

Miri or citadeL 

military engineers through this mound, near the 

> Oriesbaoh (Z. e., p. 88) describei the Talley of Quetta ae ** a trough formed by the 
eatoral flexure of the oretaceoua limestone beds.** He adds : *' The basin so produced is 
now filled with alluvial deposits, but this of course does not interfere with the ooUeetion of 
water, which gradually ^s the basin and||inay now be found within a few feet of the 
surface soil.** I doubt if this explanation's quite correct. 1 suspect that part of the 
valley is underlain by eocene beds, resting upon the cretaceous, and it seems to me possible 
at least that the ooourrenoe of water close to the surface (some issues in the form of 
springs) fit Qnctta itself may be doe to the oircumstanoe that some of the alloviol deposUc 
do interfere with percolation. The water is probably derived from the gxavel elope to the. 
eastoM, and may hehronghrto the surfaoe^ becanse it is prevented from descending further 
by im^rneable beds in the deposits of the plain, and not beoanse It is ooptsiiied in a 
barin qf so permeable a rook as limestone. With reference to this qaesth^ it sbookljbe 
nmestEered t^t in Chdeshiioh’s figures, page 87, the heights are on a very Mch liffgor 
soalothan the horisolital diitanoei^ the fonner bring proportionally about ten tiines he greay 
as m latter. 

* This peat was riiown to ssf by Dr. FulUrton, Bssidency Surgsoo. 
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Siwaliks. 


bafiOf ahowB that the whole hillock is of artificial origin^ for fragments of 
pottery and bones of domestic animals are found throughout. Some 
other hillocks of similar form^ but smaller size^ in the neighbouring plain 
are also probably artificial^ and formed by the remains of buildings. 

Time only allowed of a visit to three localities in the neighbourhood 
Localities visited near Quetta. These were — (1) the Ghdziaband Pass 
across the Mashalak range^ lil to 14 miles north- 
west of Quetta ; (2) the northern portion of the Chehiltan range, about 
4 miles west of Quetta ; and (3) the base of the Takatu range, north of 
the town.^ 

1. The Ghdziaband Pass is on the road from Quetta to K^ndahdr. 

Ascending from Mehtarzdi on the Quetta or 

GbAziaband Pass. 

eastern side of the range, the first inclined bed 
seen is a gravel, dipping at 5° to the eastward, and containing numerous 
snbangular blocks of black limestone. Beneath this bed, which may 
possibly be of post-pliocene age, are ^walik sand- 

Siwaliks. 

stones, usually light brown, and clays, drab, light 
brown, Indian red or greenish- white in colour. Some conglomeratic 
bands also occur, and gypsum is interspersed throughout the beds. It 
usually occurs in flakes with a fibrous structure, filling cracks in the 
sandstone and clays,* and a considerable quantity is procured from this 
neighbourhood for building purposes. Further down in the section, the 
clays are less abundant and the sandstones very conglomeratic, the 
pebbles being occasionally subangular. Many of the pebbles are of 
limestone, sometimes with nummulites. As already pointed out in 
Chapters I and III, there appear goo^ reasons for classing all these beds 
as Upper Siwalik. 

Towards the western side of the pass eocene beds appear. They 
consist of vertical * shales and limestone, striking north-north-east to 

’ Seversl dsUili ooneeming the leotions leen st these localities have already been given 
In Part 1, Chnftera I and IIL In the former the main points are mentioned* in which 1 
differ from Oriesbaoh's interpretation of the geology, 

* Grlmbaoh mentions its oocnrrsnoe also in be^ and lenticnlar maisfli. 

* In QTieshadi*a section (A p. 19) they are represented as neariy horizontal. This 

may perhaps not be t^en from the road, althongh, from the description, 1 Ahhald 
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Bonth-south-west. The shales Tarj in colour^ grey or oliye predonii- 

nating; some are reddish j others light brown, and 
Eocene beds. ^ ^ i< 

there is a great variety of tints. The limestone is 

black, abounding in Nummuliieif <imong8t wKioh are N, ^ira, N. obtuia, 
and other species. An Alv^lfjta also occurs. All the beds are much 
hardened, and the shales have polished surfaces and an ancient appear- 
ance, almost like slate in some plaoes. 

2. The beds of the Chehiltau range, which forms the western boun- 
dary of the plain south of Quetta, have already 
Chebiltan range. . , , . . . 

received a large amount of notice in Chapter 111, 

and incidentally, in the discussion of Mr. Griesbach's observations, in 
Chapter 1. 

At the northern extremity of the range there is a rather broad fringe 
of Siwalik beds.^ These consist af sandstones, clays, and conglomerates, 
precisely similar to the beds of the Ghdziaband Pass. The pebbles in 
the conglomerate are very angular. 

The Siwaliks rest quite unconformably on cretaceous and eocene 
beds. The latter are intermediate in character between, those of Tak^tn, 
where massive limestone of great thickness overlies thick shales, and 
those of Ghaziaband. The limestones are very flaggy, and much inter- 
stratified with shale. There is a great thickness of these interstratifica- 
tions resting upon a thick belt of shale. The shale is not so much 
hardened, as it is 6 miles further west in the Ghdziaband Pass. 

The eocene beds overlie cretaceous rocks ; the general dip is to the 
westward, and the latter form iqp a long distance a detached ridge 
bordering the Quetta plain. A peculiarly good section of the uppermost 
cretaceous l)eds is seen in the gap cut by a small stream which runs 
out into the Quetta plain Just north of the village of Karani. This is 
the lection described and figured by Mr. Grieshach.* The following notes 

hare supposed thia to be the case. The dieturbenoe of the eocene beda in general in tble 
neighbonrhood ia, however, gfsater than ia repreaented in the flgnre, and the dipt are. 
higher. . ‘ 

^ Their oeenrrenoe waa reeofded bj Qrieabaob. who looked upon them aa CMj. 

X. ... p. 86. flg. 7. p. 87. ttnA Hm. IV. FtoOI. 1. 
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tike neoessaTily more or less the form of a commentaiy ou his description. 
The Tooks are described in ascending order.^ 

' Oretaceoui 3, 2 (1).— The lowest rock seen is the thick blackish lime- 
stone extending all along the base of the range, 

Section near Karani. . a . 

and identical with that formmg the hills east of 

the plain from Darw4za to Quetta, and that crossed in the Upper Bol&n 

between Doz£q and Darwdza. 

CfctaceouM 3 (2, 3, 4 and 5). — These, the variegated limestone 
shales, are a well-marked assemblage of calcareous shales and slialj 
limestones, chiefly white or cream-coloured, but variegated with pur- 
plish red. These beds appear to he at least 600 feet thick, and are 
apparently identical with those mentioned in the last chapter as being 
seen 6 miles north-west of Darwdza, and with those of Doz£n in the. 
Upper BoUn Pass. As will be shown hereafter, similar beds occur near 
Kaoh, north-east of Quetta. 

Cretaoeom h 4 (6).— Above the variegated limestone shales is a black, 
hard, compact limestone about 150 feet thick, and, from its hardness 
and dark coloui;;, conspicuous at a distance, and forming a well-marked 
dark band ’ along the crest of the detached range of cretaceous rocks 
already mentioned. By Mr. Griesbach this bed is described as '' black, 

hard dolomitic limestone of great thickness filled with small 

0$ifea/* The thickness, however, is considerably less than that of the 
subdivisions immediately above and helow, although the band itself 
considered as a single homogeneous bed is unusually thick. At the 
locality examined, the fossils occurring in this black limestone are not 
well marked, some may be oysters, some are small Foramini/era^ but the 
rock, where I saw it, is not " filled with Oatrea/^ 

The little stream along which the section is seen has cut a narrow 
diaanel through the h^ limestone band, and after traversing the small 
pass thus formed, which nms east and west, the path enters a compara- 

1 T&e BontMi munenli rdSer j— tiis first, not in bracli;|ts, to GriOfliacb*i tootion, p. 84^ 
Efai nsnioirt and figiirss 7 and 6* p. 87 1 thoss betweon btaeksts to aaStion on p. 88. 
Tbt prefix is italios refars to the Motion in Cbaptar 111 of this .memoir, 

* As ^own in Grieabaob*f Plate IV, Profile 1. Tbe bed is tbere called Oairaa li me iio m. 
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tiydj broad north and soath valley between the partially detadied ridge 
of oretaoeous bede and the main eocene range. This valley ia entirely 
oat out of the lower eocene beda. 

Lower Eocene, 5 (7).^The beds exposed in the valley are the naual 
olive shales of the eocene system. A few bands of grit^ weathering of 
a brownish tint, are intercalated with the ahalee, which decompose at 
the surface int# a soft argillac<H)iiB aubstanoe having a superficial resem- 
blance in both colour and consistency to decomposed basalt These 
shales dip at an angle of 45* or rather more. The whole breadth of the 
valley is at least one-third of a mile, probably, on an average, nearly or 
quite half a mile, and the thickness of the shales cannot be less than 
1,300 feut, and may be 1,800 or more.^ 

Eocene, 6 (B, 9, 10, and 11). — Above the olive shales there is a great 
thickness of shaly. and flaggy limestone, sometimes sandy, especially 
towards the base, and but rarely fossiliferous. These beds form the range 
west of the valley occupied by the lower eocene shales, the main range 
in fact. About 500 feet were cursorily examined, but there is a much 
greater thickness exposed, and there appears good reason to believe that 
the rock is the same as the nummulitic limestone of Tak£tu, and of the 
Boldn Pass, but more shaly and less fossiliferous. 

3. The great mass of Takdtu, rising to a height of 11,375 feet above 
the sea and 6,570 above the Quetta plain, consists 
Soatb baifl o a tu. nunamulitic limestone. At the base of 

the steep scarp, which forms the southern declivity of the mountain and 
the northern boundary of the Quetta plain, the soft olive eocene shales are 
well exposed. They are very thick, apparently considerably thicker than 
in the section of the Chehiltdn range just described, and contain some 
sandy or gritty beds, a few bands of caloite, and occasional intercalations 
of imypure limestone, one of which, of a brown colour, precisely resembles 
that lit the base of the. eocene system in the Bolin Pass, not only in 

^ It wiU thiia be lean that Griesbaoh bae ooder-eatimated the importance of tbia aiibdivi- 
•ton, vbieb, in h^ Sge. 7 and p. 87* ia fqireeented aa inferior in thiokneia to (be bard 
^tffcjiaectooe beneathit For ftirtbar reaaika on theao abalea aea Chapter I of tbip 
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OoXoar and structure^ but in containing^ in abundance, small NwnmnUtes 
and OpereuUna. Under Tak^tu, however, the bed appears to be interca- 
lated in the shales, not at the base of them. 

The same ehales, weathering into claj at the surface, continue all 
along the base of the range, from a point considerably west of a line 
drawn due north from Quetta, to the Sarakula valley, which they occupy 
exclusively. No cretaceous bed could be found north-west of the Harnai 
route. 


CHAPTER VI. 


Limestone in shales. 


NOTES ON THE ROUTE FROM QUETTA TO SIBI VIA HARNAI. 

The road from Quetta to Harnai runs for some miles north-east across^ 
Sarakula Talley, to plain, and then enters the Sarakula valley, 

aonth-east of Takatu. which is entirely composed of lower eocene olive 
shales, the continuation of those seen at the base of Takatu. W ith these 
shales are associated greenish sandstones, sometimes passing into coarse grit 
and even into conglomerate. The sandstone is usually soft, but some 
bard brown calcareous rock occurs that stands out from the soft shales. 
The more ordinary soft form weathers into a mEmmillated surface, like 
that of some Siwa^ sandstone. Beds of lime- 

, if' t. 

stone are also intmtratified with the shale ; one 
conspicuous vertical band, a few miles from the entrance to the valley, 
abounds in Numnmlitea of several species, comprising N, granulosa^ 
N. apira, and a form allied to V. irogmarCi, together with Alveolina, 
OfbUoidea, and large Orbitoliiea, more than an inch in diameter. 

The nummuUtic limestone of the great bill mass of Takatu, forming 
the north-western slope of the valley, overlies the 
shales, but, as is so commonly the case, where a 
hard massive formation rests upon soft, argillaceous beds, enormous 
blocks, even hills, of the limestone, appear to have 
slipped down upon the shales, so that the relatioaiis 
of the two aro, in places, very difficult to understand, fmr the shales 
( ) 


Limestone of Tekato. 
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$n rnneli contorted nn^fre^piently wticnL Ol^(i|lii cMli 

ot the volley, neer Ghuidak, the nenal oemping gttmni for tnviiileln 
halting between Quetta and Kach, a thick band of liincctotic^ {nten* 
calated in the ohales, comes in dipping souUi^easI^ or in tibc reverse dilec* 
RidgM KraCh-eut of ^ north-WBst of the vall^* 9Ph» 

limestone band, howeverj a little further to the 
south-east, toms up again juid di|a north^west^ forming the high 
over 9,000 feet hi^h (f 0 ., above the sea), "called Nar on the map* The 
uppermost cretaceoue beds probably oome in on the opposite or south- 
east side of this ndge. 

Some of the shales near Gandak are red instead of olive. Sandatoi* 
beds become more abundantly developed further hp 

iSfto 

the valley ; some of these sandstones being gritty 
and even conglomeratic. Amongst the coarser as amongst the finer 
beds all the matenal appeared to be sedimentary. 

In places, resting unconformably on the eocene beds, there are 
enormous masses of conglomerate, often turned up 

SiwsUk oonglomeimte 

and dipping at high angles. Here and there this 
conglomerate appears to have filled the valley at one time. Hills formed 
of this rook, with the bedding nearly, if not quite vertical, are seen to 
the n<llth of the spot where the road leaves the Quetta plain, and 
a ridge of oonsiderable height, immediately west and south-west of the 
oamping-ground at Gandak, consists of the same formation. This coi^ 
glomerate is evidently of comparatively late origin ; it abounds in num^ 
mulitic limestone pebbles, n^ost of them well rolled, and it precisely 
resembles the uppermost Siwalik eongbmerate, to which it probably 
briongs.^ 

The road beyond €kmdak, after; pursuing a north-east or north* 
ner%^^ast direction for several miles, turns abmptljr to the south^^cait, 
and ihsaa to hest. Just where the torn takeS'^plaoe, on a bill omped ly 


^ tbs as alrw^ noitioiisa In Chaiiitf 111, It «tid «a mo 

a ffto atUti It th* Mj Infomwpooli dari^tS ham m, a M 

Tht mumm «| tte^iMnnit on 
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iMIfehi A MM 4i«l of eooglomtstte tppo ii w> dipping AO* to f 0* I 0 
Ml f ii itoKAid * This bed oontiaaes for a longAistenee toAtods Kadi^ 
MAti'4hiioad. 

italbirft er the change in tbedireetion of theiond|^enriii^i;ntedfiiki^^ 
rtrtiteoouni littertcoe^ Mules, apparoutfy the same as the cretaoeous beds 
0oa&D, Mie ChehiHan nuige, kc., crop oat 
iAmn beneath the oliye aooeiie shales north of the toad, and oonthme to 
Each. Beneath the Hmestone shales dark limestone appears, and a peen- 
liar bladdih rook, apparently deeomposed basalt, isassoeiated with them. 

The fortified post of Kaoh is sHoated at the junetion of seTOiml tm* 
Mtba sad geology P^^rtant rootes trayersiog the valleys that meet 
^ at this spot. The village of Each is between Z 

wsbA 8 distant to the north-east, and Arnadon is Z miles furthtoi^ 
in tbeeame directkm. 

The Valley of Kaeh^ u composed of the eocene olive shales, which 
in this direction, and indeed throaghoot the route from Quetta to Harnai 
appear Aradually to increase in thidmeee. The great mass of bills to 
4he eastwvd, part of tiiePill range, is of nummulitio limestone, appa- 
eentty oserlying the [shalee. To the north-west of the Ka^ valley is 
a ndge, Mie oontinuation of the belt of cretaeeous beds seen north of 
ihe load from Chmdak, but this belt north of the fortified catip rim 
into a range of considerable height. lb*irinks agam at Atkiduu, but 
liiea again holier than before to the iCast of Amadun, and forma part 
pi laaat of the Bibai range. 


A path nma from the eamp at to the noiih-west acMa the 
Assam ee DrgtSDtfDW laetaoeone ridge, and fuitfaer on johM the road to 
^sdiasnKMh. Gwkl, in Pishin. The path oroeaee lower eeeene 

* fMirieaieJ^ fwirim te ww3ft« Choidalc to sad VblUS at Kaoh* seriooaly 

IsMbsfd tuj pgirar sf malrfng etnagy ati o M in that nalgli'baarhood, and throaghoot the 

leefcf afhr ai Bmai. Tbit wat partioaliriy anfortonata^ for the geidogy b tvbj interest- 
iag,OSd met oAj wpe 1 prew s ted from irTifthtg eeihe loeeffltiee that I might othirwlie Wk 
eap, hotwy nbeepTatlona, area of the p j a d e e asawlaed, wen imperfbot. 1 was obCged te 
IliW Wie <gnwt|tO M the sBoeBOinaityof flo eooeae hade open the siwpeeed eWMe i ea s 
eedthssmaiiwiawiAhtiwad^ of aMdteand ZaighWn #iim to dh««b 




Ilim MOK «t lipt 14^^ It 

f**|^it 4|||lti>l)li(li^ IMii 4!jl^yni^ 1^ iQj^DiqpHfpQi^ ]pil^ fiptt* 

The pebUee ere imoli hvfer Hmm mmi$ »ei ytm i it iel 
eeodito&e» grit, limeetoiie end tk&ti, mip liefeieete of tlhe hwbf 
•agiiler. No besalt, nor eny other foloeeio Iregmeetij ^omU lNlMeiM» 
«Qd this is interestiDg, ee morlrieg tiie oontctf i io the ecNil^kHMeiill geer 
Aiaedaa to be notieed preeenUy. 

olire ehalee aad ei$«lBteiiee dip at ftiet to the oenth or eeoih* 
east ; fortiier to the nortlMPrefit they beooeao rertioal, eed eio enooeedodi 
apparently in regnlar deseending order, by reriegated luneetoeo jdielepi 
white and perplieh red in ooloitr, end dipping north«'WiBit el e high 
angle. Thie is probably a reversed dip, end the limestone eheles gre 
mu<di erosbed. They look e little different from the limestone idiiles 
near Onetta, probably in eonseqnenoe of the greater amonnl V disturb- 
ance, but there can be very little doubt of their being the seme beds. 

The next bed is not so well seen* It is a horndgeneous rock, very 
dark oolonred, apparently a deeomposed baealt (aeamesite). This is 
followed by nodular light grey dimestones dipping north-west at e fnnoh 
lower angle, but somewhat contorted. Above these limestones, dipping 
at a still lower angle and quite unconfonnable to them, are doll gmenieb 
eandstones, precisely similar to those aeeocieted with the lewnr eocene 
riiales, end elmoet certainly belon^g to that group. To the north- 
west of the ridge, however, neither shales nor 
observed, e Ub owg ^ hotfc oeenr 
vrtsoBwif rookt. eentb-east only a lew hundred yesde emey. 


MsUon riiowiiig luuxiaeRniiUv teUrMo eSesM sad amtsews Ms amr Xstli • • 
m, mif ma m m naMomi A bMsItj rsyiiepM Hasstent A lemr sssmti 
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rtcm Aales crop out once more. Here^ agaiDi the eooene eenditoiiep 
Appesaybo be unoonformable to the underljring bede« At thk place true 
baealt is associated with th# yariegated limestone shales^ whether it is 
iiitenitratified or intrusive is not so clear, bdt the appearances are in 
favour of intrusion. 


In the accompanying sketch an attempt has been made to represent 
this very interestiDg section ; the sketch is copied from my note-book, 
and merely records what was seen, withontvattempting to explain it. If, 
as appears most probable, the sandy beds to the north-west of the 
cretaceous limestone ridge are the same as the shaly beds to the soutii- 
east, there is evidently a very sharp anticlinal of the underlying oretar 
ceous rooks, probably complicated and rendered indistinct by faulting. 

As already remarked, the ridge of cretaceous rocks to the north^hU|^ 
Ridgs north-west of section just described rises to a consider- 

Kseh vsUfij. altitude along the north-western side of the 

Kach valley, the variegated limestone shales continuing nearly vertical 
throughout. The crest of the ranges is formed by the nodular grey 
limestone, and between the two limestones basaltic rock is seen in places 
and may be continuous throughout. 

East of Amadun, this band of basaltic rock assumes large proportions 

.. and is conspicuous from a distanoe, forming a 

suit Mst of Amadnn. 

broad dark band on the hill itode. character, 
however, appears to be greatly changed. About 8 miles eaat-north-east of 
Each village and 2 miles east of Amadun, the followiqg is the section 
exposed. At the base of tbe olive shsles there is the typical limestone 
breeeia of the lowest eooene beds, dark angular liftiestone fragments in 
a rather paler calcareous matrix, as near Mach, in the BoUn, at eeveral 
placee in the Sulemdn range, and dsewheru* Here tiic breccia con^ns 
dj 00 oima and other Foraminifsra, but no Nummutit€§ were obsamd. 
This bed » nearly or quite vertieaL Then come the variegated liine- 

shales, and then the vcloanii hand^ hwe 
iMmsisting entirely of a eeais/ ocngleote^^ 
bteesnd ma^ are both entirdy derived from ▼des^ todbi tbs' 
( 188 ) 
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fMAm Tasy modi in con8titati0XH--on tobe doliiitio,hiit mmeaii 
Ordinary baaaltj some am prophyritie^ maaj contain black ciyitah), 
apparently of pyroxene^ otbera consist of anamesitc* AB am roBad 
thoroughly ; the size variesi some bOing a foot in diamater, but tba 
majority measure from 3 to 6 inebea. 

This conglomerate can scarcely bc less tVan IfOOiMeet in thideness 

, ^ and it may baaDere. The upper part of the 

Limeitone of Fibai range. % 

' oonsists of hard massive hmestoue, apparently rest- 

ing on the conglomerate^ but really^ in all probability, inferior to it | 

the dips here^ as near the Each camp, being inverted. In the limestone 

are some obscure Foramtn^era, but no Nummulties nor Alveoltna could be 

detected. The limestone must be very thick ; it forms all tbe upper 

portion of tbe Bibai range near Amadun. 

These sections, it should be remembered, afford the Brst instance 
hitherto observed on the western frontier of India of unconformity 
between eocene and cretaceous beds. 

From Each post tbe Harnai road runs east-south-east to Man ji, along 
Road eeatward from ^ valley composed of eoosne olive shales, having, 
in general, a southerly dip, whilst the Pill range 
to the north is composed of nummuhtic limestone.^ This limestone, as 
already stated, appears to overlie the olive shales of the Each valley, but 
towards Manji the massive limestones of tbe Pill range to the north- 
ward appear to dip under the shales of the valley audio rise again 
from beneath the latter to the southward, and to form the antiolind 
hog-backed range traversed by the road at the Chappar rift. This rifi^ 
whidli is rimply a gorge out through the limestone range by tbe stream 
rift Kach, has already been described, so br as thp 

limited oheervatious made when traverstng it at 
niglitdlowed, in, Chapter ll. The uppermost hedi traversed are ua^ 
dontite^ nttannulitie, and so, probably, are a0 the rocks expoeed M the 
goigi^ Unt lower etrata mny be eat into. 

* X w#it{% Mm fww sttj eVHgsd Is tmrA hi s M tlw okismtlsas m ^ 
ssiti kie ef dsaktCil inwims^. 


Chappsr rift 
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lUM tmtMittif tli« Chiipt’*‘'^ rift tbe toid nun from Dtr^ iluioit 
of IShllttlg ind ^ Spiotaiigi, a distuido of nearl j 50 miloti in b& 
olidt-sOBth-eaitoni direction parallel to tlie strace 
iC t5e bede^ and passes along a broad tallqr fdrmed hj the olite shales of 
the eocene and their associates. In this tallejr are the military Stations 
of Shihrdg or Midrigh and Hamai. Although the Talley is continuous 
tiiroughottt, all the stteains draining it break through tbe hills to tbe 
sonthwaid, diowingi as already noticed in Part 1^ Chapter 11^ that tbe 
course of the streams must be of greater antiquity than the present form 
of the Stiifaee. 


The range north of the Talley^ the continuation of that through 

]U.«.»>rai«f Sh<MK. **** ®*“P**' ”** gradually tiM to th« 

eastward to a great height^ amounting^ nortir ^ 
Shdhrdg^ to 11^440 feet aboTe the sea^ according to the determination^, 
of* the Topographical Surrey^ and upwards of 7^000 feet abore the 
Sbdbrdg plain. Immense limestone cliffs are seen in this rauge^ and 
tt is Tory probable that part of the rocks composing it are older than 
'eocene. fSitUier east, the range again sinks into a hog-backed ndge^ 
tppatently a simple anticlinal. 

The range south of the Talley consists of alternations of sandstoae 
11 ^ ^ limestone. The 

ngs loa y. south or south-w«st, belt the 

Orest of Slidhrdg, is not high. The same^ raliher lotr, south-westerly dip is 
found in the TsUey, except near the northern range, where Hiss angle nf 
ineiinatinn ie highec. The thickness of tbe beds exposed in the mMmm 
rieige (BUen Pingimi tbe map) can scarcely be bns than £,900 iset^nnd 
IttObably as much more crops ont in the Tsfiey teelf . 

At the ydaki is unnsusHy brend from north to south, and is 

TOty nKueb eoTered nitbsnb-reeent deposits of gnml, sand, and day. 

BMhtCg {or Bhdrigh) is tbe locality alrei% notieed where tbe ss ens i 
fence of been reported.^ The epet where this eoal oooims ii 

i si BHyt im dim sm a s nl in l fihw cf nn Wts. enh t» 3Pr« 

p. ISO. 
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ahoot d mite ^ Tflhge mod of tte militmy ^MtaOt mm Ite 

ftimtiff nf Tniiwdi tedm o( » itmm otttei tte SMi IteL AgoM 

iMtf sii4hr^ aeetioB k mmi i»#|pMU nmtmooM ttet joins tte 

main streamirom ths right or woBtern suds just above the Mgfd where the 
latter outs its way through the UHs to the SSUliterariL The beds ere 
verUoal or nearly so. The following mossqiqd section is in dssfBeodhig 
drier, and oommeaees to the sosth, close to the main streetti. 


tl. 

1. Light gtMBifh-erey BtleifBeu isneitoM • • . I 

2. Impure giey m^tone. irith fngmentp of tliells 0 

e. Olive-grey ebele S 

4 Or^ limeetone 0 

5. Light brewn oeleereoue eandeioiie .... 2 

6. Olive grey ■nudetouS 1 

7. beudetone^ oaloareooe in perte ..... 0 

e. Soft olive-grey wiiiditone . . • • • 1 

0. Do. with a few obeoure shalea ..... 1 

10. Not aeen (probably eoft shale) . . 16 

11. Olive-grey sendstone, some of It hard, eentainlDg la 

places nmoles ol fawn-coloured clay . . . • i. 4 

12. Olive grey marl, abounding iu Ogir§a^ Cardtia, 2Wn- 

UUa, and other shells . • . • . « 2 

18. Bluish-grey ehale, with eoase oaloareons nodalet ia the 

upper portion . 4 

14. The same, with bands 8 inobes to a foot thick, ot rather 

oaloareous sandstone 7 

16. Oxey ehell marl, fall of shells, IkuntMa end varioae 
bivalves (ZaiaeA6r€aNTk*a/a) orndied and andiatiagniih- 
able •••••...•0 

16. Carbonaeeoue shale mppereoUy pyritoue (mueh deeom* 

poeed) 0 

17. Impure limeetone with earhoaaoeoae baade AiU of eheUe 

(nsdistinguiehahle) ...... 0 

18. C^ibonaoeouB ehalee 1 

19. Bxowadlaj 0 

20. CarbonaeeojBB etay 0 

2^. Impure ehaly llmaetono 0 

f8.0eaf h 

26. qirbonMeoae ehail marl 0 

Shaleb mere or leee earboanceeBe 2 

26. 2ee4y ehalsy baird aodalar ealsereoae bando • 2 


g6. Oyh i m aeeoae ehole (doeompoe^d^t apparently oentalaipf 
mdiipysiloeorfflaally. (S'. J6.-^ia iheeO bede ril tho^ 
-ayittee harp d eem sp eeed and are r epreio a ted ty a yoL 
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W MAinCttn: BTtU nWH OBVIJA VO DBEA MMMM- 


17« Soft gny sbale 

28. Hard calcareom and nodular shale . . . • 

29. Shale, sandy in parts, oBjj|K»uaoeons In others . 

80. Shell mail, carbonacoous ...... 

81. Olire grey shale, rather caihouaMUB in parts and con- 

taining a band of hard nodular limestone . 

82. Shell marl ........ 

88. Carbonaceona pyritons shale ... 

84. Coal, about an inch good, the rest sbaly 

85. Carbonaceous pyritous shale ... 

86. Bed sandy clay, full of bivalve shells .... 

87. Coal 

88. Grey marl, abounding in Oatrea and other bivalves 

89. Soft olive-grey shale, with harder marly beds abound- 

ing in shells ....... 

40. Shale, in part highly carbonaceous, with a thin band of 

nodular limestone ....... 

41. Impure nodular limestone, sandy in part , 

4A. Soft grey shale with some calcareons nodnles 

48. Shell marl 


44. Soft grey shale ....... 

45. Impure nodular limestone ...... 

46. Shale, carbonaceous in parts ..... 

47. Imj^re nodular limestone ..... 
48 BbcU marl paasing into limestone .... 
49. Carboneceoas shele and a little coal .... 

60. Limestone full of shells ..... 

61. Shale, rather carbonaoeons, with a thm band or two of 

coal ......... 

62. Coal and shale interstratided, veiy pyntons apparently . 
68. Soft grey shale, with nodular limestone bands and one or 

two very thin beds of shell marl .... 
64. Sandy shale, with some imprcsaions of atoms of larg^ 
plants ......... 

66. Nodular limestone, flaggy, with numerous blvalvU sheila^ 

TorrU^Vla, &c , seen in section .... 
66 Carbonaceous shale, with thin layers of coal 

67. Shell marl pasting into limestone .... 

68. Shale, Mghly pyntohs ...... 

69. Coal, moeUy pure, but with one or two thin ohale 

partings 

OO. Sbale, very carbonaceona In parts .... 

81. Shell mail • 

82. Coal 

8Nte^1>moBona shale, with one or two thin seams of coal • 
64. tmpuro limestone with some sheDs • « . ^ 

86. Cool • 

ifflL OarhonaaeGaislhsle ••••.•• 
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07. good In gonml, o omoll pwfkm (IT^ 

HiU if one of llio Moaw wad for OHd of wlioil • 
■oinplo woo takon for oau^ydi,^ « • . • 

6B. Bondj aholo and oondotmie • . • • . 

08. Shale, mofe«r koa oarbonooooiii^ and OMot Sodolar Ihat- 

otone •••%••#* 

70. Coal, moftlj good . . • • • • 

71* Shale ••••, 

72. Coal ... • . • • • 

73. Shale 

74. ImporOMat 

76. Carbonaoeom thole •••••»• 

76. Cool 

77. Shale 

78. Shnle and coal interndxed •••«•• 

79 Shale 

dk Shell marl 

81 Shale, oontalning nodular bandt and one or two thin ioami 

of coal 

82. Shell marl 

88 Coal 


bJk. Shale 

86 Nodular limettone .... 
66 Shale, with thin layen of eo#l • « 

87. Coal .... 

88. Shale 

69 Nodular limettone .... 
90. Shale 

91 Shell marl, with large hiralre thellt • 

92 Carbonaoeout thale . • ^ • 


98 Coal 


94. Shell marl • . 

96 Coal 
96 Shale 

97. Coal and thale interrolzed 
98 Shale 
99. Coal 


100. Fermginoot olay and ohell marl • 

101. Cbal 

102. OBKhonaeiima dial# 

100. Qrey thah^ with tome nodular liaMatone 
104. Ohgl 
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ilOSa Shftlo • • • a 

106. OMlf a a a . 

107. Shale and Mndatone badly aeen 
106. Sandatooe coDtaining nodulea 

109. Shale » % • » 

110. Grey ahaly limestone 
111* Shnie .... 

112. Coal a a a a 

113. Grey shale 

114. Coal a a . . 

116. Grey shale 

116. Soft grey sandstone . 

117. Shale . a . . 

118 Nodular limestone 
110. Sandy grey shale and limestone 
ISO. Sandy shale^ rery oarbonaoeons below, with largo shells 
121. Eilthy oooZ 

122* Coal, with ealoareons bands interstratided 
128. Qt% sandy shale 
124. CarbonaoeouB shale 

186. Sandy shale 

126. Carbonaceous shale and a little coal 

187. Sandstone, shaly in parts . 

128. Hard shale with layers of coni 

129. Coal, good • • • 

360. Shale, with limestone nodules 
Ul. Coal, good a 

132. Carbonaceous shale 
138. Shell marl • 

U4. Coal 
166. Shell marl 

136. Coal 

137. Shell marl 

138. Coal 
168. Shale 
140. C9a(,igood 
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Tho beds are very similar to tboss ojE in libe as may 


* Ananalyais of the ooal from this seam by Mr. Mallet gare— 

Water diiren olfat 880* Fahr. SO 

Telatile matter exelusive of water . 01 8 

Fined fiarbon . « . « . 40 1 
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Htem %)r eooifMiBg ib« Jurt (hna wiA tiU* aMMMnil^' 

BMmUMwatoV^ Mr.GmriMdi.* liiit«BailMkW«hstfiMiliMl% 
nraally nm ia tiw oUf • riitlH, ihMld «oear ia 
both lonlities in abnndanoe in tbo bad* woaintfd witib tho OMd. 


In the hilb to tiM sonth, Vlio bedo noting npM tbo ohnloo i 

wi& iJta nnl dip*n tiit iM» n rd at n lo# nnflo, and 
oottaiofc of obaiw irith interonlatod 


Hillt loatli of Motion. 


Three-quarteft trf a mile to the tterth mope ooal onteropi ate eeeay pee» 
bablj the same seams repeated bf a roll ol the strata. Agala bale 
am TSTtioal or nearly Tertfeal. At this plane ene seam was traoedg aai 
found to thin out within a short ^tancoi about S6il yaidii Item a 
foot in thickness to a mere layer or two in oarl)onao|ons shale. 

A few miles from Sbdhrig^ on tha road to Hamai, the road desoenda 

^ ^ ^ to a valley^ chiefly out throogh eobreoent eoagU* 

llocki of ▼alloy bo* 

tween sitiliria and merate. East of Shihidgi although we ▼alley- 
like depression that marks the outcrop of the 
olive shales oontinuei^ the outlines am less regular. The shales Sippear 
at intervals. In this direction they are much variegated with di flhrent 
ooloiira«~brownisfa-red^ yellowish^brown, &e.^ and some am damt red. 
Beds of vaiT'ing thickiNfis, frem a foot to twenty dr thirty, some m# 
oompooed of hard grey and olire sasdetone, fine grained m general^ 
^ eemetiiiieB endoeing fragments of day, and well stratified, nme 
beds weather into angular bioeks. One band ef limestone is sssn^ 
weathering of a buff odour, and ab e n nd i og in large wunmnUtii (IT. 
nteas and other spesses). la some plaem eoal mam s am eapesad elose 
to the mad; they am alwajrs thin, and ase probably a oontiniiatiQii at 
tho Sfafifaxfig beds. The dtye ae n mb am very bw, often, neaity er 


Spintaagi the saase beds 




am ihimid. 


■dee te the 

gheii 


Mm «. «. t. ?». znn. M. a. OT. 
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M KtUnmlB: Biua vmw QusnA to omul esixt Kaur. , 

IVApitollA Igr tlM road. Shortly before reaching Spintangii iheroad tnui 
«li|tewnid, on the bank of a large atream bed^ a tributary of the Ndri 
fiveTa To the east of this stream^ the limestone forms two or three 
anticlinal ridges with an east-south-east — west-north-west strike. 
93ie most southern of these anticlinals terminates close to the road^ 
and there is a warm spring from which sulphuretted hydrogen is given 
out at the western end of the ridge. South-west of the base of this 
hillj a moderate thickness of olive shales is seen^ probably 500 to 1,000 
feet, resting of^urae on the limestone of the hill; then the beds 
become vertical, and a thick band of nummulitio limestone, containing 
NummuUUi and Alveolma in abundance, forms a low ridge running 
north-we8t^south-€|8t. The stream cuts its way through this ridge 
and enters the valley of Spintangi, which is about a mile broad, and 
composed of vertical olive shales. 

The valley of Spintangi runs north-west — south-east, between the 
8iir«lfk ootiglomewte nummulitic limestone just mentioned and 

aontli.wMt of Spintongi. another ridge, south-west of the valley, formed 

of Siwalik conglomerate, exactly resembling the bed found usually at 
the top of the Siwaliks, and dipping 70° to 80° to the north-east; no 
nummulitic Hsaestone occurs at the junction ; the Siwaliks are in contact 
with olive shales. The conglomerate abounds in limestone pebbles, 
many of them black, and resembling the rocks of the upper cretaceous 
beds; some fragments of hard sandstone, cherts and jasper also occur. 
The largest pebbles are 5 to 6 inches in diameter. 

The rdations of the conglomerate are net clear. Appearances axe 
Peeulter mods of oo- favour of its being the bottom bed of the 
etorveiio*. Siwaliks of this locality, of its resting with 

pseudc-eonformity upon the eocene shales, and of the dip to the north- 
east hejng reversed. It is in &vonr of this view that the next Siwalik 
beds semi to the southward have a aouth-wesierly dip. There is just 
^ e posatUlity that the conglomerate here, as near Pir Olisld, altl||||b in 
eontilb with eosane xoeks. Is the highest Siwalik bed, and Ast the 
ftSntiaifiMles of the dip ace doe to the rooks of the two sveteam 

i m ) 
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Iwen oRitlMd dgstUr ; Imt tiik k Urn prMbU Hute tiM Mur 
uid i^J’fean to be in oppoeition to tbe mdenoe at Tong. 

At Tqpg, It miles soutb-eist of 8pmtii%i, end on the void freia 
JnaeUsn of eoom Sibi vtd €ia&dkindaf to Thel ChotUii Ulo 
•ndSiwdikiotTung. ^ beds ii wy simitar 

to that at Spintangi, except that ae Tkasfive band of ooaflomstato 
ooeurs. The Tong/' or defiltj is pfodtteed bj the Bheji riTer^ another 
tribatarj of the Ndri, which cute ip way through a band OlAbmestonef 
evidently the same as « that seen north-east of Spintatigi, bnt thioker* 
being probably not less than 1^000 feet thick. The limestone is well 
beddedf and dips at a very high angle^ about 80^^ to the south-west; it 
oontians in abundance Alveohna and NummnlUe* (JV, 
and other species)^ and it has olive shales both overlying and nnderly* 
ing it. Beneath the underlying shales^ as north of Spintangi^ limestone 
crops out at no great dbtance and forms a high dome-shaped hiB^ 
apparently an anticlinal. The eocene shales above the limestone have 
sandstones intercalated^ and are of no gfeat thickness, being apparentiy 
much thinner than at Spintangi. They are vertical and are snooeedsd 
to the south-west by Siwaliks, reddish-brown olays^ and light brown 
sandstone with bands of conglomerate. A little further to the souths 
west, the dip of the Siwaliks becomes gradually lower and to the south* 
westward. Here, again, there is pseudo-conformity between the eoosne 
and Siwalik beds, although the conglomerates of the latter am lull of 
nummulitic limestone pebbles. 

'From Spintangi to the plain north of Sibi, the road preserves a 
Botd from ^Intwgi general south-western direction, almost at right 
to mu. angles to its course from Kach to Sphitafigi. 

Siwalik beds are tigyerBed throughout the whole distan c e about gO 
snito to a dixeot Hue. A oonsiderable portion of the route ia along the 
Mmriifr. 

t&tbia toid, aftor bavtog 8|to|pngi and oroastog tito ewglop 

ridge, the Stoalika dtp at first to tim souIInwi^ 
thna IhfT bteoT Uf horiaoiitaL and than iflAhMlai 

( w I 
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it itJUIfOMt 1^ 

iMk flii BifttinaM for oohm miko^ ao &r as Oaadkiadii* Hass Vkm$ 
h mAn of tbe peeqUar raUej-like plains, so oharaeteristio of tlxsif 
umiag east«scHith««a8lr--*-wo8t*ziorth- west. On the nortilfim tSde of 
IJw flaiii, the dip of the Siwaliks is irref ukr ; at Oandkindaf it is to 
ike north-east at a high angle, 60° to 70°, but some distanee farther 
east at is in the reverse direction, to the south-west. Soutih of the 
plain tiie dip is north-north-east, and the rook is a eoarse conglomerate 
of great tftckness. It is probable in this case that the oonglomefate 
is the uppermost Siwalik bed, Ibr beneath it there js a very great thick- 
ness of eandetene and clays seen in continuous section, though it is far 
from clear how the uppermost conglomerate can be here in place, for, 
as haa been just shown, the beds on the opposite side of the plain at 
Gandldndaf dip in the same direciion, north-east, and should eonse* 
qtienily be ingher. These beds too are overlain by several thousands of 
fset of Siwalik strata. But it is quite postfble that tiie opposite or 
aoolh-west dip seen east of Gkmdkiadaf is oontinued beneath the phnn ; 
and if this be ^e case, all the rocks seen to the northward may roll 
over, and the conglomerate, although the highest in the system, may 
oome in naturally, or there may be a fault oorreepondiag in diiection 
with the valley. 

Below the oonglomerabe, which is of oonsiderable thidcaess, the 

„ . Bsual light brown saodstooes with some qonglo- 

Seotion in N£n rlw. ^ , , , . ^ 

■aerate hands come in with a vary stiadj north* 

north-east dip of about 20°. This continues fof miles. About 

K e h td-Bjila there is more arwgglarky, the rooks ate somewhat crahed 

end contofted. Gcadoaily lower beds ceme in, only differing from the 

upper in contoinaig mm olay« Oypsum in fliAeea is not infrequent. 

Ihn ofthhaohang the phnas the bedstnm over, and sonlhwasd at high 

engka’ an the Nlii gcsge nm ths edge of the hill oountiy. Zhn 

iq^petmost bede, including the conglomerate, do not appear to ha 

fa g neetmthet ihemtislinsl. 

1 IhwisratloMvwyaatrasIlijIkmaasddnoriM^ grlnhiiit^d 

siie*^B. tf haiLUj, ^ ssfl a. 
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all thaae aedicnMi, irtiBi Si^ntefi te Klxi brngalovr Hk 
entaraaoe of tba gofgt, and witbm 7 milfi d! 
SiU, aU tha Ma aaaa a» UfiMa Siwalik (ar 
Manobhar), not a trace of tba abaranteiatio atrata batoDgiiig to tba 
lower division of tbe Siwalik sjrsicOi ia oii|>oaed^ 


AU btOi Upiwr Siwalik. 


CHAPTEE Vll. 


Kbtss OK THB ROTJTB VROlC SIBI TO JAOOBABAD Tli nXiOlI AKD 

C^fiAHTthi. 


Oeneihd 

road. 


SIwaliki near Mai. 


The road from Sibi to Jaoobabad is near tbe eastern border of tba 
Kaobbi^ and traverses flat allavial ground^ mainlj 
desertj tbrougbout, except at one i^t close to Ma)« 
and only 1ft miles soutb-soutb-east of Sibi, where a very low ridge of 
Siwaliks is crossed. Tbe beds of this ridge oonsiak 
of sandstone dipping at a very low angle, about 6% 
to tbe northward. Instead of following the direct road, however, batwasai 
Pulaji and Shabpdr, some of tbe bills to the eastwaid we» tsavemd, 
and visits were also made to tbe ranges near Lebri. 

AH the bills along the border of tbe plasa^are Siwalik, but msiiiam* 
HranDBUtbi iiiKirtniii limwtone, Mwily nocgniMd mt » dwteiu. lyr 

bill, to nrtwud. ooloQT Slid bj the foim of the ridgeii «|ipem 

at a very short distance inside tbe outer range in many places ; Aeasli 
one large bill due east of Ndri bungalow, another east-bynmutb ftom 
Mali another again east of LebrL 

At tbe spot where the Ldiristream leaves the hills, the VpperStwalik 
oongloinente is seen d^jpiog at a high angle, 
or 70*, to the south-west. Sm the bills ^ 




Mfkef LdlrL 


ioun^to be inaaoearible, bnt some miles farther sontii, the Siwalik^lrsse 
ei«a tofoit^theiMniMn^^ Atitebeeaof IteSsribMik 

"MgWr ooloured days, and above tktas gaysaiidstepwiii Slgfii 



VUnWD : VXUCH IBOK qUITTA T#]I1BA 0BAZX ESAIT. 
Hffmiilly A&d the former certainly belong to tiie lower MancUuni or 

The nammulitic limestone hill to the eastward is one of the rounded 
mdolixud ridges so common in this part of the country. It is imposmble 
to say whether Siwaliks recur beyond it or not. It is quite possible that 
the Siwaliks may extend muoh further to the eastward^ east of Mai and 
north-east of Lehri^ than is represented on the map^ the Imes in this 
direction being mere guesses. 

On the road running to the north-east from Pulaji to Dingan^ a 
Hooks between Paligi halting place a short distance within the bills^ 
and Dingso. where the Ghari stream leaves them^ 

there is much sub-reoent conglomerate on the edge of the plain, and the 
Siwaliks crop out quite unconfoimably from beneath the newer depotft,| 
They dip south-west at an angle of 30*" to 85^ and contain but litfle 
conglomerate, the usual massive bed not appearing at the top. 

There is a track eastward from Dmgan to Sangsila and Dera Bug^i.^ 
For some tniles along this track the Siwaliks have a low northerly dip. 
Coantiy eist of ^ range of nummulitic limestone, the oonti- 
nuation of that seen east of Lehri, runs some 
miles north of the road, and near the base of this range the Siwa- 
liks turn up sharply. Here, as near Lehri, it is probable, that Lower 
Siwaliks are represented. » The precise line of junction is obscure, the 
nummulitics appearing to dip north, and there may be a fault. Further 
east, towards Sangsila, the nummulittcs foroi an anticlinal, and the 
0twaliks are seen to rest upon them, but in this direction also, as will be 
shown in the next chapter, it is doubtful whether the two systems are 
conformable. 

South of IHngan, between the Ghari and Marwar streams, the 
Hooki sooth of Siwaliks dip at about *45* to S. 30* W. and 
consist of sc^ brown sandstones and bros^ olays 

> 9hs stmin tnm SsSjssils and BtHf (Dtrs BogU) does not nm^pot o( tbobOirtc tho 
nettiiWlrd of Polijl ss r s p iws o todon tbs seeompsii|y|iig snspb hot IMisr ssclh* tbs 
aliiisseo tbsastthwotdtitbsSbdrL ^ 

( soe } 



MHITI jrtov i« TO lAOOSmO* 


with perfaapi more gypsum thou usual^ all hi the fonii of ftbroos flahlM 
filling vertical or horizontal cracks, precisely as in the Ghiaiahaud P)|ss 
near Quetta. 

From Tegh4p, a spot where the Marwar stream ruui through a ridge 
of Siwalih sandatone, a road known as Shekasi- 

liOWMr Siwaliks. 

hdd or Ginwhundzihid leads to the aoutb«west 
amongst Siwalik hills. For a short distauoe 4his track passes up the 
bed of the Marwar. stream^ then it enters the rocky glen of a tributary 
from the southward. After entering the tributary vall^, lower 
Mauohhars or Siwaliks crap out, and a superb section is exposed. The 
sandstones, instead of being light brown, are grey with interstratifioations 
of clay, dull and rather light Indian red in colour, more or less varie- 
gated and often nodular (marly). Frequently rounded masses of the 
clay occur mixed up with the sandstone. The conglomerates contain 
no nummulitio limestone pebbles, but are composed of fragments of 
sandstone and clay, precisely like the materials of the associated strata. 
There can be no doubt as to the petrological distinction between these 
beds and the Upper Siwaliks. 

At the base of the Lower Siwafiks are about 150 feet of red day and 

then about 50 more of yellow : the latter is the colour of yellow ochre 

when weathered, but greyish-yellow or sometimes pale olive with fine 

violet streaks when freshly fractured. At one place on the top of the 

yellow clay there is a bed 6 to 8 feet thick of 
Bed of alebefter. j j ^ 

gypsum, finely ^crystalline, some portions being the 
purest white alabaster. Fragments of this occur, of as much as a foot 
in diameter. Many portions, however, are disfigured by black veins. 

Below the yellow clay is the top of the nummulitic limestone. The 

NiinuDiiUtieiinMetoiM. ^ Superbly sseu ; all the beds dip at about 

5*1 and there is abeolute peeudo-eonformity, so far 
as be observed, although the Odj and Nati beds are eutiseity 
«BbseBt. 

In the ^eetona beds two or three epeeiee of nummuUte oeouTi ons 
fdeembluig JV. hrogmar^, another apparently a small form of 

( Ml ) 


Bed of alebefter. 


NeiBniiilStie linMefcono. 



ft BtiffOBD : mLL8 fEOV QUSITA TO DBBA OHAZl KBAK, 

«ii4i ill ft bed jnst beneath the top, N. hiaritzenHs and JhwUna^ 
Oftita of large species of Conus, of Lamellihranchiata, ice., are also 
foiuid* 

Die remainder of the route between Sibi and Jacobabad presented no 
features of interest. 


CHAPTER VIII. 

NOTBS ON THE BOUTl FROM JACOBABAD TO HARSAND IN THB DIRAjIt 
riA DBRA BUOTI. 

The general direction of this part of the route is nearly north-east. 
Road from Jacobabad *^bont 25 miles from Jacobabad to Gorandp, 

to Qaudoi. HQ outpost of the Sind Horse, alluvium is traversed- 

About 2 miles north of Goran4ri low rises appear, covered with num- 
mulitic pebbles, and undoubtedly formed, like similar rises near Sibi, 
of Siwalik sandstones. These beds are seen in section, a little further 
to the north-west, dipping north at a very low angle, not move 
than 2°. They are the usual light-brown sandstone and clay. The 
same beds re-appear here and there on the road to Suri Kushtak and 
Gandoi, but generally the countxy is covered with blown sand, some- 
times forming hillocks, as in the desert country east of the Indus. 

A couple of miles north of Gandoi, the Zen range of nummulitio 
Zen range of nnmmn- limestone appears. It is a long, low anticlinal roll, 
of no great height anywhere, but highest to the 
westward. It strikes east and west, and extends west nearly to the 
extremity of the Bugti hill area, not far from Fulaji, and sinks to the 
eastward into an elevated plain that stretches away to Gandahdri hill. 
Botii to the north and south Lower Siwaliks (or lower Manchbars) rest 
upon tha nummulitio strata, and in both oases, so far as was ascertained, 
in perfect pseudo-conformity, despite the break between the two. 

‘Thlilt tbsinituinc of tbe oeonrrenroof AZoNJuia In tb« nppsraioit tsem bodcnftiroA 
AoinOluifter L 
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Iffortb of Oandoi and for a long diatanee to tha aastwaid^ them k a 
Lowot ahmlikt am oonapkooiia ridge ot Siwaliks, atoarpad to the iioTth 
and aloj^g to the sonthward. This ridge u com- 
posed of a thick bed of hard whitish marl^ and must nairij coimqpoad 
to the limit between Upper and tiower Siwaliks. The road from Gaadoi 
to Mand presents the following aeciion o£ the Lower Siwalik group. 
The beds beneath the marl are thick strafe of grey sandstone (often 
containing irhegnlatly formed calcareous concretions that weather out 
upon the surface)^ conglomeratic beds containing fragments of clay and 
sandstone^ clays and ferruginous beds. Some of tbe conglomeratio beds 
contain numerous pieces of bone and occasionally these ossiferona beds* are 
highly ferruginous. The clays, which are subordinate and not largely 
developed, are yellow or red. 

Towards the base are several brightly coloured beds. There is first 
a considerable thickness of yellow sandstone with ferruginous bands, 
then some grey saudstone, and next a bed of ferruginous grit, one of 
tbe usual conglomeratic or gritty beds composed of small clay pelleta 
in a sandy matrix strongly impregnated with iron. Below this again 
are variously coloured sands — white, purple, and brown,— the colour 
changing at short intervals. These are just above the nnmmulitic 
limestone. The different beds appear not to be constant over any coo- 
aiderable area. 

The fossils found in different beds are not the same. Thus one bedt 
FoMils vary in differ- formed almost entirely of rounded sandy con* 
cretions, about half an inch in diameter, abounded 
in fragments of crocodile and tortoise plates, but no mammalian teeth or 
bonea wme observed. Some of the tortoise plates must have belonged 
to large animals. 

A dark-odonred rather fermginons bed abounded in fossil shdls# and 
Uoiima. yielded the species of Melamia, and (Me 

noticed in tbe third chapter and dasoribed sa the 
aiq^0ttdix to ^this leport Besides the didls numerous bonea and amuc 
teeth of a Mkouroi were found, but no zemuns tlmt could be xeecfui^ 
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Rhinooerot, &c. 


BB belonging to any other yertebrate. It is of course possible that some 
of the bone fragments may have belonged to 
another mammal^ but all the teeth found were 
those of Ehinoeeroi, Just above this bed^ in soft sandstonei were the 
remains of what must have been a perfect or very nearly perfect Bhino^ 
eeroi skeleton. The skull bad decayed and only the teeth could be taken, 
but most of the vertebrie were found attached together, and the lower jaw 
was in place, a circumstance that alone is almost sufficient to show that 
the animal must have been buried whole. 

The road traversed from Gandoi leads eastward for some m3es through 
Rocki iMcr Bald Upper Siwalik area, south of the ridge above 

Suthtak. mentioned as occurring close to the boundary 

between Upper and Lower Siwalik beds. The road turns northward 
and passes through this ridge just before reaching a camping ground 
called Buzd Kushtak ^ on the margin of the nummulitio limestone rise, 
here a very low, almost flat, anticlinal roll, the summit of which is a 
wide open plain known aa Dasht Goran (plain of wild asses). The 
lowest beds of the Lower Siwaliks at this spot comprise ferruginous 
bands, much resembling laterite, and alternating in places with white 
sand. Ihe bottom bed is ferruginous, and consequently easily traced 
in the sections on the sides of ravines, Ite. Beneath it are perhaps 
50 feet of rather shaly limestone, slighl^ Hednlar and containing a 
small nummulite, apparently N, ramoihM* Btilo'w ibis limestone are 
several hundred feet of the usual pale oliv!0 shale, bands of it 

in this case, l^pwever, being reddish-brown or coffee-coloured. With 
the ahales a few thin beds of impdre limestones are intercalated in 
places (in one locality these were found to abound in Bfyosea), and 
beneath the shales there is thick limestone, forming the surface of the 
anticlinal rise to ihe northward, the continuation of the Zen range. Some 
of this limestone abounds in OrUUidef (probably 0. a form 

with a prominent central boss ; many of the individuals are very small. 


* A Rtllt Borkh tbs spotj wlwra filptad on tho i 
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The Ixmndftij between Siwmlik and nnmmnlitio bedi wav foUooel 

Ftondo-eonformity of ® ov 10 milef to the eavtward from Dnad 

SiwoiikotoNnitauiiiUtiei. Kushtak, and could be seen for nearlj ac many 

more^ the rocks bein^^ perfectly flistinguiidiable for many miles in the 
clear atmosphere. The houadory waa also exsiftiiiAd for 4 or 6 miles to 
the westward of the same place. Throughout the whole distance there 
appeared to be absolute conformity between the two systems, and this 
was unusually well seen, because of the uppermost nummulitio bed being 
a band of limestone only 50 feet thick in general. In no single case 
does this limestone appear to he worn through. It varies in thickness, 
but the variation is probably due to differences in the original deposition, 
not to denudation. Some change must take place between Dusd 
Koshtak and Oandoi (time did not permit of a complete examination of 
the intervening tract), because no shales are seen beneath the uppermost 
nummulitic limestone at the latter locality, but there can be very little 
doubt that the limestone band is much thicker there. 

To the north of the nummulitic anticlinal, near Dera Bugti, precisely 
Siwaliki north of Zen same beds appear as to the sooth. The same 

**"*^^' olive and coffee-coloured shales, capped by a hand 

of nummulitic limestone, are seen underlying the Siwaliks, which again 
are similar in character to their representatives to the southward. 

The Sehaf, or valley-like plain in which Dera Bngti, the chief and 

^ „ . indeed only town of the Bugti tribe, is situated, 

Sehaf near Deia Bngn. - 

IS a flat extending for a long distance east and 

west between the nummulitio limestone ranges of Traki to the north and 

Zen to the south. The average breadth of the plain is 4> to 6 miles. 

The Burfsoe is thickly covered with a sandy deposit, resembling some 

forms of alluvium, and derived in great measure from the washing 

dowh of sand and clay from the neighboaring hills, pertly, also, in all 

imdiability, from materials transported by wind. 

The beds of the Traki range north of the Sehif are mndi mors 
dMUnrbed than those of the Zen natidinal to the eonth. Against sseh 
range there ie a fringe xi SiwaBks, tbeaa to the north of th# 
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dipping as a rttle at far higher angles than those to the south. South- 
west of Dera^ however^ the dips in the Siwaliks are high. East of Derm 
thaBiwaliks north of the valley are nearly or quite vertical^ whilst on the 
Month side the dips are very low indeed. Fifteen or sixteen miles to the 
eastlFard^ near Loti,^ the Siwaliks terminate^ the hard bands of gi*^ and 
whitish sandstone and white marl forming cliffs^ whilst the softer under- 
lying sands and ferruginous beds at the base of the system crop out in 
the plain. 

The uppermost Siwalik conglomerates^ which attracted Vioary's 
Conglomerate* of Dera attention, « are well developed throughout the 

north side of the plain, but are ill seen or wanting 
to the southward. Altogether the whole thickness of the Siwaliks in 
the Seh&f from top to bottom, including both the upper and lower sub-* 
divisions, does not appear to be more than 1,500 to 2,000 feet, and this 
thickness, with the exception of the upper conglomerate, is mainly com- 
posed of Lower Siwalik beds, at all events to the south of the valley, 
where grey sandstones are found throughout. 

Fossils were only found in the lowest 500 feet or rather more. Mam- 
malian bones were obtained from two localities: 
Foiiil Tertebrata, Ac. , , . . , _ . 

a third, not examined, is said to occur near Loti, 

and it is probable that remains of vertebrata oceot' throughout the lower 
portions of the beds. One of the localities obtaifved was Kutnbi, about 
12 miles west-by-south from Dera, and a *place ^ready recorded by 
Yicary. Here the same Paludina and VniQ bed occurs as at Gandoi (it 
was noticed in both places by Yicary), and some BkimoeeroM molars were 
obtained from it. A few other teeth were also found. The other 
locality was 7 or 8 miles south-east of Dera. Here, in a sandstone 
bed, Miutodon} remains abounded. In other beds of the neighbour- 
hood remains of BhinoceroM^ Dinothtrium^ a huge H$opotam%B^ and 

* By miitak* this name baa lieen printed aa Lot on the aooompanying mip. 

a Q. J., O. S., 1840, Vol. II. p. » 2 . 

a Hr. Lydakkar Inldnna me that all the teeth broog^ away iMttmf to 
eaptie^Mlefi*. 
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an abundance of orooodilei garial« and tortoiee bones and platei irei#*^ 
found*^ 

There is the same appearance of perfect conformity between nnm* 
mulitic and Siwaiib beds along tbe ncgtb boundary 
™ ud of tk« Zen limestone ridge, as these is to li&e soutli. 
Nummaiitica. possible exeejvtion is near Kambi, where 

the uppermost limestone band) that overlying the olive a^,coffee-ooloiired 
shales^ becomes much thicket^ and it, instead of the lower limestone^ 
forms the surface of the Zen rauge^ precisely as takes place to the 
southward, noai Qaiidoi. The appearance of unconformity is due to the 
ciroumstanoe that the nummulitics roll about slightly^ whilst the 
Siwaliks crop out in a straight line, apparently unaffected by the minor 
undulations, along axes differing from that of the main anticlinal, which 
disturb the nummuUtios. But the evidence is very imperfect. North 
of the valley again, near Sangsila, there is a spot Where the Siwaliks do 
not appear fully to participate in the disturbances of the underlying 
eocene limestone. The latter forms two great anticlinal rolls at least— ^ne, 
the terminal portion of the Traki range, the other, to the northward, 
the great range culminating at Naffusak. The Siwaliks do not run np 
the intervening valley.* 

A stream, of some size for these almost rainless hills, is fed by a 
warm spring in the valley north of the Traki range, and enters the 

Natarai bridge at Saogsila through a very remarkable na- 

tural arch figured in the frontispiece to this paper. 
The aroh is cut through a low ridge of Siwalik oonglomerate, which 
here dips 50^ to 60^ to the south. There is a pool of water under the 
aroh, which rises about 40 feet above the water, and U perhaps 80 feet 
wide, and 50 or 80 in length. It is rather curioos to oonjeotofe how 

* Oariag to tba gnat diStealtiM attending tb« curriagn of hoaTjr spichDeiMi. vory teir 
«io^ tStUi aad Iriigmonte of Jawi, werebzonglit away. Thtto loealltlifi||lho Bagtl Mils 
ato ttell wwtbj of ntoMoxtendodMarob, tlioT«Biaiiiolb|ipg. Of boa boon ohoira, ^ aMteb 
jgfoator gfotogleal tmtiqnitj than thoio obtalnod from too tjplenl StvaUk bods. 

Onty a bnrriod f bit ooaM bo mado to tho looaUtj, qnite iaoaSbbnt friMpONW 

thM WM Piol naooaiorai^. 
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Dera. 


i EH Eperture e^n Hate originated^ but it was probably fonOed on a 
onrto of the stream^ which looks as if it had formerly cut its way through 
the oonglomerate ridge a little farther to the westward. 

The route followed left the Sebif plain close to Dera^ and passed 
ItoDte fh>m Den to ^7 Mario and Siih Tank to the great elevated 
Hunntf. plain known in pai-t as Sham. This plain was 

crossed from west to east^ and from its eastern extremity the track led 
down the course of ^ the Chichar stream to the plain of the Derajit, 
near Harrand. 

Immediately after leaving the plain near Dera^ the road to Mario 
passed through a narrow gorge in the nummulitics, amongst which rises 
Hot spring supplying » spring impregnated with sulphuretted 

hydrogen as usual, though not so strongly as in 
most oases. This is the spring that supplies Dera Bugti with water for 
irrigation. Beyond the gorge the path runs along an east and west 
valley, a synclinal trough of nummulitic limestone. No Siwaliks appear, 
nor were any observed to the north-east until the low ground was 
zeaobed 6n the border of the Derajit. 

The valley traversed opens into the Mario plain, a flat expanse, re- 
sembling alluvium, 8 miles in length by 8 or 8 
in breadth, without any outlet. The limestone 
beds of the surrounding hills dip towards the pleiii from all sides. The 
water that falls as rain (not a large amount) doubtiess sinks into the 
limestone, and re-appears as springs. Like some similar plains of smaller 
siae on the Khirthar range in Sind, Mario is highly fertile, and much 
wheat is grown without irrigation. 

The road from Mario to Siih Tank leads through valleys in the 
nummulitio limestone. ’The olive and coffee- 
oolou^ed shaiee appear in places, but the limestone 
l i BM s tM W abovt overlying tiiem most be that forming tlm hills 
iLorth4>€ the Sehdf, and several hundred feet thick. 


Fl^n of Mario. 


Thwlimes^ne again must be identioal with the much thinnerlmud seen 
. In jthe hilk south moA soath-aast of Dera Bugti, and which nt Dnad 
( W8 ) 
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K^ihtak 18 only tboot 60 feet thiek* 'The question nrises whether the 
§^at difference in thickness can be dae to denndaiknij or to the bed 
having^ been ori^nally much thicker to the northwafd. The latter is 
certainly the more probable, had the Imiestone bed near Ousd 
Koshtak suffered from denudations it Would in idl piobahility have been • 
removed altogether in places before the depositjfm of the fiiwaKks f and 
this, so far as could be asoertained, is avwhsre the oase.« 

In the olive and coffee-coloured shales near Sidh Tank is a bed 
of gypsum 10 to 15 feet thick. Sidb Tank is a ravine^running 
through the range of hills that forms the southern 
Gjrpiam hod in sbalM. Takrdo plain, a western prolonga- 

tion of the Sham. In this ravine is one of the usual warm springs. 

From a hill called Kirdari, one of the ranges just mentioned, the geo- 
Hiilf fonth of Takrio ^^6 surrounding country can be well seen. 

The hill and others forming the range south of 
Takrdo plain consist of a lower band of nummulitio limestone undeilying 
the olive and coffee-coloured shales. From beneath this lower limestone 
band a great thickness of olive shales crops out and forms the extensive 
plains of Takrdo, Sori, and Sham, called collectively on maps the Sham 
plain 

The plain is, of course, undulating and destitute of soil. It is verjr 
barren, no bushes or trees occurring, except in tbe 

Shan inain. 

hollows near watercourses. The shales of the 


Sham {rtain. 


plain are usually, where weathered, of some shade of olive, but when 
freshly broken, they are often darker and sometimes slaty. They break 
into minute flakes, with lustrous, silky surfaces in many oases. In the 
mode of fracture into small flakes, and in not decomposing readily^ with 
the result that the surfaceaia generally infertile, there is much iWsem* 
blanoe between these shales and those of the Talohir subdivision of the 
Oondw&na system. Bands of ferruginous brown 8ttidatona,^iok and 
thin, are intercalated with the shales in places, and in one instance aeme 
limestone of -the same colour, abounding in MummuliUi UymnM and 

> Ob ilM scconpasjiac mp Ibt w wtWB portloB b miltd eilb Tbsk 
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plain 


one or two other species^ was found associated with the sandstone. This 
limestone is identical both in character and position with that seen at the 
llase of Tak&tu mountain near Quetta. 

The watershed between the Sori and Sham plains is a g^reat gravel flat, 
pi^bably of detrital origin, and the highest part of the tract. It is cut 
into from each side by the heads of watercourses. 

The hflls to the north of the Sham plain are formed of beds overly- 
Hilis north of Sham those of the plain itself, pratnsely like the 

hills to the southward. The angle of dip varies, 
the direction is to the northward. The rocks are thin limestone bands 
intercalated amongst marls and shales, some of the beds being highly 
fossiliferous and abounding in various Lamellibranchs, Cones, NanUli, &c. 
In the plain north of the range the dip is north at first, then soatVh- 
Here Nummulites abound, whereas in the lower beds of the Sham plain 
fossils are rare. 

North of the plain just mentioned is another range running neatly 

east and west, and known as Rbup. This range 
Khdp range, . . ® 

consists of an anticlinal of the beds at the base 

of the lower olive shales, here containing more ferruginous brown 

sandstone than to the southward. 

From the top of the Khup range there is a fine view over various 
Hilla and pUina seen and ridges beyond. First comes the 

from Khdp range. Phailawar plain, very similar to that of Sham, 

except tbat.it is not quite so barren. It appears to be formed of the 
same olive shales. The SUh Koh to the north of this plain has the 
appearance of being another anticlinal of lower eocene rooks. Three 
other ranges seen further to the north-west have much the same ap- 
pearance. Beyond all these is a higher nSige, called Jdndr&n, jwhioh 
looks like nummulitic limestone.^ 

The hills south of the eastern portion of the Sham plain are almost 


The oontianetionofiliii ridge wee eiemined by Hr. Bell end fmd to he 
of that reek. 
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entirely eomposed of olive diales with a toeiherly dip of IV to 
Rangetmth ofSlmiii BometimM more. Some ehely limeetoiie 06- 

P^- ours in the middle of the ehale%*aad appeiire 

to be the same as that formii||r the sarfaoe of Gandahdri hill farther 
souths evidently the lower cf the two Umeet^ie bfifide eeOn in Hie Zen 
range south of Dera Bugti. In the section Mmth of the Sham plaia 
this lower band cannot be more than 100 feet thiok^ Some eoffeo* 
coloured shale and a band of gypsum ooenr beneath the limestone. Above 
it there is no well-marked band of limestone at all ; though there is 
a cousidernble thickness^ 500 feet at least, of olive and ooffee-eolonred 
shale, the olive tint passing at times into bluish-green, and at othem 
becoming dark and slaty. 

Upon these eocene beds and forming a great range of hills known 
Nnri beds near Gan- ^ north of Qandahiri, there is a con- 

duh^i bill. siderable thickness, 700 feet or more, of some beds 

quite distinct from any seen in the Bogti hills to the westward. • These 
beds consist of sandstones with subordinate beds of clayi oonglomeratef 
&o.; the most conspicuous strata are earthy brown (greyish- hrow'n) sand* 
stones of great thickness, and with these are associated, especially towards 
the base, dull reddish-brown sandstones, reddish and yellowish*hrown 
clays, some highly ferruginous hands, and a few layers, hard or soft^ 
stained of a black colour, apparently by manganese. One eatvaordi- 
nary argillaceous sandstone, close to the base, has a strange resemblance to 
a volcanic rock, being mottled daidc green and red ; another phase of 
the same rock apparently might almost be classed as laterite. The 
beds of the hills composed of these rooks are horizontal, or nearly so, so 
that the upper portions are formed of the thick brown earthy sand* 
stoflp; whilst towards thehase the variation in colour prodneed by the 
thiimer hands of highly oolonred rock is very remarkable and peon* 
Imr; none of the beds are typical id the Siwalik system, and thefe is if 
wide differanoe between tiiem and the Lower Siwaliks that feet on/ 
fiKe eoem'beds only 16 or 20 miles further east. Theee pqeaUpr 
saadstenea of the Bah Ulle aie^ in all prohabiliiy, Upper Hetia/ta 
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Vkef resemble the strata of that group in Sind in appearance ^as well as 
in position. 

It is curious to find that the Nari gronp^ wanting throughont the 
Chiingei in itrata to ^est ridges of the Bugti hills, re-ap. 

o*«^aid. pears where the general direction of the ranges 

turns north and south once more, as in Sind. Unfortunately the oli- 
gocene limestone at the base of the Nari does not occur to the north- 
east. The uppermost eocene limestone, too, appears to have vanished 
entirely, and the Nari beds rest immediately upon the olive and coffee- 
coloured shales, although the limestone was well developed only 15 
miles farther west. Notwithstanding this, there is the same appear- 
ance of conformity, although the intercalation of the Nari beds between 
two systems that were in apparently oonformablb superposition a fewit- 
miles to the westward, shows how fallacious these apparent conformities 


are. 


Sulphur is said to be found south of Oandah^ri hill, in small 
quantities, amongst whitish beds,^ Gandahari hill was not examined, 
but the view of it from a distance shows clearly 
that it is an anticlinal of eocene limestone, a con- 
tinuation of that south of Dera Bugti, but much 

higher. 

The bed of the Ch&char * stream, along which the road leads from the 
Sham plain to Harrand, is neturly coincident in po- 
sition with the change in the strike of the rooks. 
To the southward, this stnke is south-west— north-east, gradually pass- 
ing into east and west ; to the north the axis runs north and south, and 
the Suleman range commences. North of the Chdchar Pass is the 
high ridge called Miri, in places 5,000 feet above the sea. This i}dge 
extends for miles from north to south, and consists of an anticli- 
%id roll of beds inferior in position to the olive shales of the Sham plainll 


Snlphar locality. 
Qandah&ri hill. 


Ch&ohar Paii. 


^Probably tramiiiBUtlo, m wa the ihalw i& which th« miaoral il fopoA farther aortbi 
aaaf Mangrotha. 

* By mlftaka priatad OMhar ob the aeooapaaylnf ntp. 
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ftod close to the base of the eocene systeoi. South or aouth-eeilof 
the Gh&char is a much smaller lull called Behisto, also an anticlinal 
ridg^^ and composed of the same beds as Mhri. These beds are cUeiij 
Babbto hiiL hard, rather ooarte bro^ aandstcoes^ iveathering 
ferrdgiAOus brown^ soma of them purplish, oeea* 
sionally with /red spots on the fresh frBot«rj|. With the sandstoiies ia 
intercalated a band of limestone breccia containiDg nnmmuliteii tiie 
same rock as is found near Quetta. 

From the top of Behisto, there is a fine view of the tertiai 7 beds 
TeriuiriM teen from extending along the border of the hills to the 
Behiito. southward, towards QandahAri. The strata are 

evidently a oontiauation of those traversed to the eastward by the Cbichar 
stream. 

In the stream bed between Mdri and Bebisto, the shales and sand- 
Alteratinn of rocki in stones are bent into a synclinal, turned on end, 
Chdchar itraBin. hardened and changed into the peculiar phase 

seen west of Quetta and in Makrdn ^ The hardening and alteration of 
these beds is probably connected with the change of strike. 

Further down the Ch&char, after passing the end of Behisto, olive 
Eocene beds in Cbd- shales come in above the sandstones, at 6rst with 
varying angles of dip, subsequently dipping about 
46* to east or east-by-south. These shaleB here form the whole eocene 
system, with the exception of the sandstones at the base. Nowhere 
throughout the system is there a baud of hmestone more than HO feet ihidk. 
This remarkable absence 6f nummulitic limestone continues for at least 
60 miles to the northward, along the west flank of the Sniemtn range. 

A few thin bauds of limestone do, however, ooour here and there in 
the CSidehar section, and the most oonspicuons of them is probably a eon* 
tihqatiou of the hand forming the surface of 6andeli6ri hill, and of pert 
of m Zen range ; but the thickness in the Chleher Pass is eonsider^r 
abljr less than to the sout&*west. This limestone band forms the mei^ 
ef>w low ndge running nearly north and sooth, and seen for immy 
»eiid by Ife, Qr i w ba s h, m imrtbwnd, te roromWc the ** FiyiA^ef Alfa. 

( ) 



140 


BtAferfOEDj aiLLB FBOU QUBITA TO DBBA GHAU KBAH. 


miles to the southward from the top of Behisto. The ridge is rendered 
oOBs^uous by the occurrences just beneath the limestone^ of two pr 
three beds of white gypsum^ the thickest about 7 feet thick. Above 
this limestone there is^ as to the south-weBt, no gpreat thickness of shales 
be^e the top of the eocene is reached. There is again^ as near Gan- 
.d.ihiris no limestone above these shales. 

Just above a spot called Tobas close to the place where the ridge 

SHndRtoiie blocks in formed by the limestone and gypsum beds crosses 
tributary of Chdchar. Chdchar, a stmam coming from the flanks of 

Mari to the westward brings down large masses of hard white sandstone^ 
sometimes speckled with brown, together with some fragments of a fine 
grained sea-green sandstone, also very bard. A few fragments of the 
last were also seen in other tributaries. The white sandstone is evident^ 
ly the same as that seen in ijxe Kaha stream further north, and referred to 
the cretaceous system, and the ravine from which the fragments are deriv- 
ed must evidently out more deeply into the beds below the eocene than 
the Cb&cbar stream itself does. 


West of Toba all the ground from the foot of Mdri to the nummu- 
^ ^ ^ btic ridge with gypsum beds consists of a great 

plain of gravel sloping down from the main range 
to the westward. Some of the fragments are subangular, others rolled. 
All appear to be derived from the brown sandstones of the lower eocene, 
and many are covered with a ferruginous glaze. 

It has already been mentioned that, the top of the eocene system in 
Nsri beds in Chiobar Chdchar section is not far — a few hundred feet 

at the most— above the ridge of nummulitio lime- 
stone and gypsum. The next beds above the eocene shales are the same 
as those already mentioned as occurring north of Qandahdri hill and as 
belong^ngi in all probability, to the Nari system. The rooks on the 
Chddiar are precisely similar to those near Gandahdri ; earthy brown 
sandstones above in very thick beds, with^ome intercalations of sand 
and sandy olays and, towards the base, deeply oolomtedP sandy and 
aargillaoeous beds, ferrugmout, brown and black prsdommating. No traea 
( ) 
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o{ oltgocene limestone ein be detected. The dipintheNeri bedcie 
lower than in the eocene, and, ezoept at the base, does not exceed Zi\ 
The thickness of the Nari beds is not Tory great. Thqr are sno- 
needed, to all appeanmoe quite eenformably, by 
Lower Siwalike. j^wcr Si^afik stmta, gxfiy saodstones, Ind.^ red 

clays and conglomeratic beda^ with the taoliided fragments entirely 
composed of marlsj sandstones, and clays, wmilar to those of ilie 
associated strata. 'No trace of CMj beds oonld be fonnd. The dip 
gradually decreases to the eastward ; it is SO* towards the base of 
the Lower Siwaliks, but only 10^ to 15* two or three miles further east. 
Conglomerates with nummulitio pebbles, charaoteristio of the Upper 
Siwalik beds, appear in the bed of the Chdohar 
Upper Si walika. half way between the places where the 

Karagani and the Kumbi, two minor affluents, enter that stream. To- 
wards the plain of the Derajdtthe dips do not exceed 10*. Either the 
massive uppermost Siwalik conglomerate is not well developed here, or it 
may be concealed beneath the alluvium of the Derajlt plain ; it re-appears 
a few miles further north. 


Upper Si walika. 


CHAPTER IX. 

NOTBS ON THE 80UTHBBN PORTION OF THE BULBMIn BANOR fBOM 
BARRANn TO MANGROTHA. 

To the west of Harrand an excellent section of the rocks composing 
Section in Knbn Sulemdn range is exposed in the Kaha stream, 
which cots a deep gorge from sdie to side of the 
chain between two high masees, one called M&ri, to the eonth, and the 
other, known as Dragal, to the noiib. 

lilarcbing to the westward from Harrand^ a well marked ridge ef 

nnufiniinTsti wul eoarse, uppermost Siwalik oonglofnesets 
is seen along the border of the allavial plain. Tbp 
Siwalik fodc dips eastwai# it W to 50*; outside of it (between it gdid 

( ftl5 > 
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Kuri group. 


the aUtiTial plain) ^ and resting unconformably on its upturned edges^ ai6 
the usual post-tertiary gravels, themselves cemented into a conglomerate. 

The thickness of the Upper Siwaliks is not great. Just beneath the 
conglomerates of the outer ridge light brown sandstones with conglo- 
meratic bands prevail, but some grey sandstones are intermixed with 
tikim, and in the conglomerates, together with pebbles of nummu- 
litic limestone, are fragments of soft sandstone. The line between 
Lo S' I'k Upper and Lower Siwaliks, here as elsewhere, is 
drawn where the nummulitic pebbles, character- 
istic of the former, first make their appearance, but the division is 
somewhat arbitrary, the two stages passing into each other. The Lower 
Siwaliks are thicker than the Upper, and consist, as usual, of grey sand- 
stones, of the typical conglomeratic beds, containing soft sandstone and 
clay fragments, and of a few interstratifications of red sandy clays. 

The change from the Lower Siwalik to the Nari group is more 
^ , abrupt, though no unconformity can be traced, 

sro p. Instead of grey sandstone, massive brown sand- 

stone crops out, with grits or fine conglomerates, light brown or 
whitish in colour, containing subangular fragments of quartz. Brown 
and reddish argillaceous beds are also intersti atified. There are, as 
in the Lower Siwaliks, some conglomeratic beds with sandstone and 
marl fragments. Towards the base the usual highly coloured beds 
occur, as on the Chdchar stream and near Gandah&ri hill. 

To the Nari beds succeed the olive beds of the eocene, precisely as 

_ , , on the Ch&ohar, The thin band of limestone, with 

Booene t wa t. 

the conspicuous beds of gypsum beneath it, appears 
here also. The shales occupy the valley of the stream for about 3 miles ; 
they extend to the foot of the main range, and have scarcely any liine- 
stone interstratified. The dip to the eastward gradually diminishes 
from 50* to about 20*. At the main range the hard brown sandstones 
to which its existence is evidently in great measure due, and of which 
its eurfm is largely composed, crop out from beneath the oUve 
shales, the two being interstratified to some extent, and occasional beds 

( aw ) 
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non nunw fo mmm/L 


of ihale Mug foand in the endetoim When fheee heed eeaditoofe 
crop out, the gorge oat bj the JCebo itreem eonuonoee^ end fee o 
coneiderable distance the riw txaTersee the caiiie bedsi whidi are eleer^ 
the same as those seen at the baseef the eocene on the Ok|ehar« 

The next strata in des^ndiog order oonaist ot hwd whitfsh eoeise 
whitinh MsdiiMs eandstoei and grita^, well beddiii and dipping 
proUbij oretsMoiif. ^^^ 00 ^ 15 « ^ eiotward. Thme are donbCbae 
the rooks of which fragments sn seen in the tributary that Joins tha 
Ch&char near^oba. Some are pale greenish or blaish»giesn in ookniri 
others purplish or speckled with purple or brown, bat the majority 
are veiy pale coloured, almost white. A few infrequent bands of shale 
occur, mostly dark coloured. These beds appear to be untosailiferoai. 
As stated m Chapter 111, they are probably of cretaceous age. 

Several small hot springs issue, either in the bed of the stream or 
just Above it, amongst these sandstones. All emit 
sulphuretted hydrogen, like the springs in the 
nnmmalitie limestone of Sind and Balnohistan. 

After traversing a thickness of probably not less than 1,500 feet of 
the whitish sandstones, limestones are reached, 

Grataoeoat liin68toii9. 

very dark in colour, and rather sandy or sbaly. 
They contain very indistinct fossils, chiefly Faramm^era, amonget whieh 
no Nummulites can be detected, ^ese limestonee gradoally paM down« 
wards into onlcareous shales, dark grey in colour, often very nodolar# 
Fossib are rare, but two species of Easoiyra and an Inoe^ramui were 
found. The fossib an oretaoeoos. 

No unoonformity could be detected between any of tiie different 
^ . . , , groups exposed in the section from Upper Siwalik 

^n bedi eotixoniisble. 

to tbe oetMeon. limMtimi. huum. 

lb. linwtone .ImIm ww thslowMt bedsMOi. Fortb^r wMhmrd 
..... «11 til. bad. roll orw wid dip weat. Th. .uiIhm «C 

tit. Udriand Dmgal hill. i. fomwd obiedjr at 
lo^ Moen. MudrtoM on botii lioiie.; in the Gaiganddn tk/ 

9$0t «{ the it i. ptobnbU that mdpmoeiie rook, ooenr. 

( «¥ ) 
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lliiokneM of bedi. 


The Rccompanjiog section slioWs the 
general disposition of 
the rocks. A rough 
estimate of the thickness of each group is 
given below 


Upper Siwalikt 
Lower do. 
Kan 
Eocene 


feet. 

2.000 to 2.600 

6.000 

2.000 

8.000 to 10.000 


(top not wen). 


(Of this thioknew 
the bottom eaad- 
■tones compriw 
leant 1.000.) 

Cretaceona, white aandatone 1.600 
limestone and lime- 
stone shale 1.000 (baw not seen). 


Oatbi Kadi. 


At Gathi Nadi^ 5 or 6 miles north of 
the Kaha^ the outer 
range is entirely com- 
posed of the usual coarse conglomerate. Im- 
mediately beneath; grey Lower Siwaliks crop 
out; dipping eastward about 50% 

The Khosra (or Kosah) stmm is 6 or 7 

_ , miles further north. 

Ehotra Kadiaeotion, * _ ... 

South of it 18 seen an 

instance of the tedftsiCcy; common in Sind on 
the edge of the IfilVftbar range, but rarely 
observed in the DsBajit, for the dip of the 
Upper Siwalik couglomerates to become 
lower towaf^s the top, and for them to pass 
into the gravels of the slope along the base 
of the hills. Bi;tt little conglomerate is seen 
and the Lower Siwaliks appear but a diort 
distance inside the hills. 

The section b^w the odBglomend»s is 
very similar to that seen on the Xidm 


C ) 
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vtream. The Mtfi beds Bonttin in tiheir upper etretB a nmdbi iltfir 
quantity than usual of reddish or orange brown, deep lerreginOBS 
red and yelSbw olaje. There |pre the usual riohly odiMired beds at the 
base. The eocene olire shales, which sueeeed, present no uniieiial peen- 
liarity. After passLOg ovei* thea for half a ttiile, a low rtdga ia met 
with, formed, as in the Kabn and Cbdchar aeotions, of the outcrop ef 
some beds of li*r *stoae overlying gypsanB The latter hmo is 115 to 
•SO feet thick. Below are more olive shales, and iotevstratided with 
them in plfices are a few bands, each 2 to 8 feet thick, of nodular 
limestone. The dip becomes gradually lower towards the base of the 
main range, where brown sandstohes appear as usual. 

Amongst the upper olive shales iu the Khosra are some days used by 
^ Clay a.ed for wathing the people of the country for washing their hair, 
and considerable quantities are dug for carriage 
to local bazaars, as in Sind. 

The section was not examined beyond the outcrop of the lower 
Rooks in the apper nummulitio strata, but from a hill a good view 
Khoaia and feeders. obtained of the Upper portion of the Kdla 

Khosra, the principal southern branch. The white sandstone below the 
eocene is cut into, but no lower bed appears to be exposed. 

From a hill on the outer ridge of Siwalik conglomerate, between 
the Khosra and Choti streams, the ravines cut by the northern brandies 
of the Khosra into the flank of the main Sulem5n range are well 
seen. The deepest gorge is that of the northernmost tributaiy, called 
Bagar Khosra; in this some grey beds are exposed, doubtless cie- 
taoeouB limestone. The stream in question is called Jingar on the atlas 


Tl|e conglomerate of the outer range north of the Kura strsam 

0.niriafMi.to uieon. ® Khont) it ft 

ft^u. to vpp.r Siw.- low ftDgle to the eftitwaid, ftnd ii ftboat 800 iafti 
thick. It rests uneonformably at one place m 
Upper Siwalik sandetone, the conglomerate dipping 15^ the 
SO * 0 The oongbrnerate eppean to pass up into the gmveb of Urn dc|ii, 

( *l» ) 
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Boad to Fort Manro. 


Iiilt |i proliaMy nppermotst Siwalik, and there u evidently a dlight \ 

In etmtumity between it and the Upper Siwaliks beneath. 

9alow the Upper Siwaliks on the ]|ura stream are Sane whitish 
ilwalik aanditone on sandstones^ with conglomeratic bands* These beds 
jgarastreun. intermediate both in character and posi^on 

4K&tyreen Upper and Lower Siwaliks. 

A low ridge running for about 1% miles from north to south rises 
Siwalik lintiolinal alluvial plain to the eastwai-d of the 

north of Choti Bala jjjH country, commencing to the southward at 

the small town of Choti Bala«^ on the Choti stream.* This ridge is a 
low anticlinal of Upper Siwalik beds. The dips are very low, not 
more than 1** to 2” near Choti Bala, but to the northward consider- 
ably higher, being as much as 10* near Sakhi Sarwar. 

The road to Fort Munro, a sanitarium on the Sulemdn range, pasdes 
by Choti Bala, and traverses the outer ridge, 
formed of the uppermost Siwalik conglomerate, 
by the gorge of the Choti river. The Lower Siwaliks, Naii and Eocene 
beds above the brown sandstones, are ill seen on this road, which passes 
over a gravel flat, or low slope. There appear remains of two such 
slopes in this neighbourhood ; one higher, and probably more ancient, 
south of the Choti stream ; the other, to the northward, lower and tra- 
versed by the road. The Nari g^oup appears to inoreaee in thickness to 
the northward. A thin band of shaly limestone ocours above that over- 
lying the thick gypsum band, whilst below the latter are some beds 
of impure limestone, abounding in oasts of Lamgllibranehiata and some 
Gasteropoda. 

The gorge of the Choti stream, which cuts a deep ravine into the 
Section in Choti ™nin SulenUhx range, lies south of 

**‘*'®“’ the%par up'Vhioh the road to Fort MnnrOr^asses. 

Close to the base of the main range, the eocene olive shales occur in 
.the stream, dipping 70* to 80% but the dip soon becomes lower, and 

1 Ket marked in the neoompuiylAg map^ and in the athw abert oi^led BnW. 

* ^thi Koogark, north of the aooontpan jring map, it a eontinuailoa of part of tUo 
to the etatirard, 

( *80 ) 
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■ibont m quartw ol » mile tartiier mett whem tiie white HadeteM «iof$ 
_ ‘ out from below flie bme ol the eoeene, the ie 

onl* S0\ Near the bottom of tibo olm iiiilei» 
there ie mooh green Iheo eome the purple and hromn mod* 

etonee of the lower eooeiie. thac the (emteoeomi ?) white eandetoiiee. 

^ The latter appear scareely ao thick here aa an the 

Kaha, 26 miles further soath-Bouth«eaatp although 
they form hu^e cliffs. The cretaoeona limeiatonea crop out in doe oonraip 
dipping east at about 20*. There ia an appearance of local nnconfor- 
mily between the limestones and the white aandatonea, but it is probaUj 
only oblique laminatioUp for the limestone and sandstone are interstrm- 
tified. 


The upper portion of the limestone, as on the Kaha, oonsists of darfe- 
^ grey beds, well bedded, and full of obscure foeeilo. 

CrafciiOdoiM limefttouB 

The shalj lower beds are by no means Teiy fossil* 
iferous, but besides the ribbed Inocerami, similar to those in the Ksha 
section, a coiled oephalopod with the whorls transversely ribbed was 
Fowilf found, several poorly preserved speeimens beiiig 

seen, although but few could be brought swuyt 
and those only in fragments. The form oelongs to the Jmmoaiiidm, 
but appears to be allied to ffamites or some similar genos rather than 
to true Ammouitea, Two species of Inocaramus probably oceur, one with 
the ribs broad, very regular and oonoentno, the other with them narroweri 
and lees regular. Some fragments of stems and indiatinot rsmaina of 
leaves were also notioedp 


Lowflit Ml Mta. 


Perhaps lower beds are exposed in the Choti section than on the 
Eaha. The lowest seen on the first ngmud are 
less distinctly stratified, unfi are ont np by jointi 
in ^ direotiona. The shales are hlniah-gmy on the eiEfsised snrfseefi 
darUpgrey on fresh fieetnres* 

Above ti|s stream are difls frilly 8,000 fast higU The upper 808 or 
iOOlset ate composed of lowsr aeesue mudetep^ 


the remaining 2,600 feet or luther 

( 281 ) 
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about bait white sandstoue and half limestone. In the stream bed m 
•mail hot spring occurs as usual. 

The road to FortMuiiro commences to ascend the main range close to 
A^nt from Zei4ddn^ where there is a small bungalow. Near 

l^t Mnnro. bungalow, as in the Choti stream to the south- 

ward, olive shales are seen, together with a few bands of nodular lime- 
stone, both dipping 60° to 70°. A short distance up the slope, there 
are large quantities of the peculiar lower eocene nummulitic limestone 
breccia, with NummulxUt and Jlveolina. Some of the masses appear to 
be in place, and if so, the bed must be nearly at the top of the lower 
eocene brown sandstones with which it is intercalated. 

The dip gradually diminishes as the hill is ^ascended, the surface 
nearly corresponding in slope with the dip of the beds. About 3,000 
feet above Zer^din a limestone band containing oysters is seen inter- 
stratified in the lower eocene. The same bed occurs in the Kaha section, 
where fragments are found in the stream bed. A little higher up, the 
white cretaceous sandstone crops out from below the eocene and forms all 
the surface of the spur. These beds are cut through, and the under- 
lying limestone exposed in the gorge of the Choti Nadi to the south- 
ward as already mentioned, but not in the ravine immediately north of 
the road. In another deep gorge however, that of the 6iri stream, 
farther to the northward, and seen from Fort Mnnro, the limestone is 
cut into. 

The top of the Sulemdn range is flat, and here lower eocene beds 

again come in. A little knoll, apparently the high- 
Liinettone lireooia. , . , 

est in the neighbourhood, to the south of the road, 

is capped by the limestone breccia. West of this the dip is westward, 

' and the same breooia re-appears on the road to the fort, and again on a 

little hill, west of that on which the bungalows stand, the bed apparently 

dipping somewhat irregularly. Judging by the cliffs at the head of the 

Choti the Umestond breooia, which is, as already shown, near the top of 

Ibe brown sandstones, is only 800 or 400 feet above the top of the whitish 

mtaeeous sandstones, but there may be some faulting, for elsewhere 

i m ) 



•UL1I1<N EUIQB fBOlC BAEffAHD fO MAVBiOniA* 


11 # 


the whole thioknees of the brown ihndetone ippem to be more nmiy 
1,000 feet than 500. 

The hill on which the bntigalows of Bbrt Mnnro are bailt ia on the 
View from Fort bide of the ffnlemiUi range^ and eommanda 

**"“*^- a wide vi«B A?tr the ocmjutxy to the weetward. 

All the ranges as far as the J&ndran appear to he eooenei and so donbt^ 
less are the intervening plains.^ The westertf slopes the Snlemin 
appear also, near this, to be composed of lower eocene rocks. ThO 
portion of the range on whioh the hard whitish cretaceous sandstones 
are exposed lies just east of the crmt^ and extends south, as shown on 
the accompanying map, apparently without interruption as far as the 
K4la Khoera stream, and north to beyond £k Bhai mountain, where 
this sandstone forms a precipice to the west of the highest peak. To 
the west of this precipice dark lower eocene beds appear to come in, 
perhaps, as Mr. Ball suggests, faulted against the white sandstone. 

The Siri stream is a watercourse of some size that traverses the hill 


country 6 or 7 miles north of the road to Fort 

Section on Sin itroun. 

Munro, and enters the alluvial plain west of 8akht 
Sarwar, a shrine of wide reputation amongst both Mussalmans and 
Hindus. Along the course of the Siri a road was made by Major 
Sandcman (now Sir B. Sandeman) to the Luni Pathan oonntry.* 
The road is now abandoned and nearly destroyed by rain and streaSms. # 
This route enters the hill country, after skirting the hills west of 
Sakhi Sarwar for some miles, by a gorge between cliffs 500 to 600 feet 
high, formed of the uppermost Siwalik conglomerate, here horizontaL 
West of the ridge formed by these beds there is a sudden change in the 
dip, and the Upper Siwaliks come in dipping at 80* to 40*. As already 
mentioned in Chapter III of the present report, there may be 


nnl^nformity, but the appearance is chiefly due to disturbance. 


* This Is In ssoovdsnes with Mr. BsIKs seeoont (Bse. 0^ S. !.» Vsl. VII, 
sT ihs ssetlon tmrsrssd n Uttls fttrthsr nortii. (Sac Cbs|asr L) 



• This wns tbs rand trsvetsod bj Mr. mil in 1874 sad dssevibsd ty hiw la llw sssMA 
TslinssortMBee.0*8.1^P*14S. 
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'l%e Lower Siwaliks come in as usual below the Upper^ dipping at 
ahelli in Lower Siwa- 45*’. Close to their base is a bed abounding 

in shells and resembling the shell bed at Gandui 
and Kombi in the Bugti hills. The shells^ however^ are in this case so 
presenred that it is very difBcult to identify them. The commonest 
is a bivalve veiy like Unto carditformU of the Bugti hills> but still more 
like a CAfdium in appearance \ another looks like TJ, vicaryi of the same 
bed> and a univalve was seen^ apparently a Faludina, Some fragments 
of bones were founds but nothing determinable. • 

lust beneath is a highly ferruginous bed^ one of the usual conglome* 
rates of rolled clay ballsj but saturated with iron peroxide^ {which has 
segregated in nodules of irregular form, often hollow. Only a few bone 
fragments, none of which could be identified, were observed in this. 

The Nari beds form a steep ridge, the strata dipping at 50*. They 


Karl group. 


come in just below those last noticed. The ridge 
can be seen for a long distance to the northwards 


and is higher than any other in the neighbourhood. 


Booeuo. 


The eocene or nummulitic beds are the same as 
usual, only subordinate thin bands of limestone 


occurring. 

As far north as Sakhi Sarwar, the lower ridges intervening between 
'Double roll of beds Sulemffn range and Che alluvial plain of 

north of Sakhi Surwmr. Indus are formed by the outcrdps of the 

various tertiary beds dipping eastward, as shewn in the section of the 
Kaha stream. But north of iSakbi Sarwar there is a double t6L\ of the 


strata, a syncliiial near ihe main range, followed by an anticlinal farther 
eagt, and the fringe of lower ranges is much wider, all the beds down to 
the eocene inclusive being exposed in the antielinal. 

Ascending the stream that issues from the hills at Sakhi Satwar, the 
Siwaliki near Sakhi Siwaliks crop out just inside the first range. 

The boundaiy is unusually well seen,^[and there is 
no unconformity. North of Sakhi Sarwar, the dip of the uppennost 
cftmglomerate }n t%e hills bordering the plain is very high. 

.( asw ) 
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Stkki Sarwor liei nearly mt Dem Gkiid KlULn. Kofftib of tli& 
Travtm of hiUf for- d^ukk trOYme of the hiU opuntry Me 

mode from Vedur (¥addore) by; the Teddr Ikae 
to the foot of Sarouk and heck frqni the Stfonra. (Sonnhra) Fhoa by the 
Sangarh track to Mangrolha.^ ^ ^ 

At the entrant'* to the Vad&r Pans near Vaddr the nppermoet 
8i walik < onglomerate ia n0k ecen ; the Upper Siwai* 
Vaddf PtM. vertical, striking N. 15* £• They odfy 

continue a very short distance, certainly not half a mile, before the 
whitish intermediate sandstone appears, followed by the grey sandstone 
of the Lower Siwaliks. All th^ beds are rertical or dip at a very high 
angle. 

Quite at the base of the Lower Siwaliks, in a bed similar to that seen 

Manne or eataarine “ ^ section, two species of Unio ocouT, one 
■hella ID Siwahka. them nbbed and probably identical with U» 

e€rd$tformti of the Bugti hills. Associated with these are a CentMium, 
a Naiica and a Qrrena-like shell. This bed may be estuarine, and poa« 
eibly indicates the northern extension of the marine O^j or miooene area 
of Sind. 

The Nari group appears thin and only continues about 800 yards | 
it cannot therefore be much more than 600 or 60«r 
feet thick. Beneath it, in the olive eocene shalsi, 
there is soihe brown limestone, like the oligocene Nari limestone of 
Sind, but evidently of eocene and not of oltffoosne 

lilDMtoDD. ^ 

■ge, for H ooBtaiiw OrUtoidet ditpaiuiu nd • 
mumiuiKte that looks like a large variety of or JV« isaa- 

asea^ 

nte masBuditio beds form the hizb of the sntwlioal ; they sotqs 
^ roll over sad bseosae horiaoataL Tbqr ooaidmie 
* thas fn- idwot 4 aides, thea tiiqr dip ymtmmA, 

Oa^ a tm kuadied feet of riwlee are eeea ia the Yadtir stseaiBi tieaaal^ 

* ehianeiiek 


BooDDS limwtoDD. 
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the limestone bands associated with gypsum, which are as conspicuous 
here as farther south. 

West of the anticlinal, the Nari beds appear better developed than 
Nari beds west of eastward, and form a well-marked ridge, 

wadinal. higher than any other in the neighbourhood, as 

they do on the Siri stream. They dip about 35° to west. 

The Lower Siwaliks then appear and continue for a long distance. 

Thev dip at 60° when they first come in, but 

Siwaliks. 1 3. T . . 

the dip diminishes to . the westward. No shell 

bed is here seen at their base. The Upper Siwaliks are almost hori- 
zontal ; they form part of an open plain, covered in general by 
gravel, and extending nearly to the foot of the main range. It is far 
from easy here to distinguish between them hnd the Lower Siwaliks. 
Pebbles of nummulitic and Alveohna limestone occur in grey sandstone, 
which must be classed as Upper Siwalik, although such grey sandstones, 
in this country, generally belong to the lower sub-division. It is very 
possible that further north the two sub-divisions of the Siwaliks cease 
to be recognisable, and become undistinguishable as they are in Sind. 

Nari sandstone is well seen near a place called Qurk (Guruk). 

„ . ^ , It dips 80° to the eastward and contains an 

Nan beds near Qurk. 

unusually hard band, as hard as the white creta- 
ceous sandstone. 

In the eocene beds near the base of Saronk, there is a %onsiderable 
Eocene increase in the quantity of limestone, compared 

with the same beds further south. The limestone 
above the gypsum beds, which ooutinue to occur, is thicker, and there 

band, intercalated in 4he ehalee 
below. In the S4onra or Siangarh stream a lime- 
stone bed about BOO to SOO feet thick is cut through. This bed forms a 
distmot and well-mai*ked ridge, continuing for a long distance to the 
north, and known as the " White range. " Through this range there 
are said to be very few passes, but a good road leads between it and the 
iasin rai^ to the Vehowah stream. It is worthy of notice tiiat the 
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rband of numxnulitic limeBtooe here appearing ie in the middle of the 
system, having shales both above and below it, and is, not like tiie 
Khirthar, at the top of the eocene. 

Owing to oircumstancee the high range of t\y» Stilemin was not 
Ded«oria&fii Suie'm^n and the mapping of the beds belo# the 

'^ooene is in great part a matter of oonjectare* 
The brown lower eocene sandstones can be seeif from a distance ntn- 
niiig up the shapes, and the greater portion of the hills appear to conaist 
of the bard white sandstone. In the Lurk An stream, running from the 
south side of the lofty peak £k Bbai, and in the Ruk4n coming from the 
north, between Ek Bhai and Mawaiki, fragments of grey limestone and 
limestone shale, apparently derived from the cretaceous beds, abound. 
But these fragments are so numerous in the gravels of the surrounding 
plain that the occurrence of some in the stream bed really proves 
nothing. Moreover, calcareous grey shale and grey limestone occur in 
eocene beds a little further north, near the base of Saronk, and frag* 
ments derived from them are indistinguishable from those of the ore* 
taoeous rocks. Still there is good reason to believe that the cretaceous 
limestone io exposed in the streams named, in consequence of the depth 
to which their channels are cut. 

On the crest of the Sulerodn behind Mawniki, lower eocene sand* 
stones appear to occur, as well as above the deep gorge of the ]Uikin 
stream between Mawaiki and £k Bhai. 

North of Saronk, the lower eocene strata appear to cover up the older 
beds, and to form the surface of the range, and in the Saonra Pass, a 
broad vall^ that traverses the main range from east to west, no beds 
are exposed lower than the hard sanditones at the base of the eocene. 
The pass, in f^, is adow synclinal (or to be more exact, a spot where 
the i^iticlinsl forming the main range dies oat for a short distance), the 
rodi^ at the siirfaoe, thronghont a considerable area, bemg the seme 
masme hand of coarse sandstone. To the northward, the beds riseagais 
and fokm a hiQ known as Hdri, and the Solemdn anticlinal denbtleis leb 
apieara. 
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Going down the Sangarh stream^ which rans north-east, diagonal^ 
Beetion oa Sangarh ^ strike of the beds, the same section is seen 
as was observed on the Vaddr. Above the eocene 
system, the Nari beds are well developed and contain much rett clay.^ 
Ihey dip about 80** to 40*’. Again here, as in the Vadur stream, it is 
diiOdcult to distinguish between Upper and Lower Siwaliks. 

The rooks turn up again about 15 miles from the hills, and are re- 
peated twice, precisely as in the Vadur stream, by an auticliual, in which 
all the tertiary beds crop out down to the upper eocenes. To the south 
of the stream, the latter, probably in consequence of an increase in the 
thickness of the limestone, form hills of considerable height. 

Sulphur is extracted from eocene beds in two localities near the banks 
of the Sangarh. One of these places is west of tBs 
anticlinal and is callad Swaidko, the other called 
Galki is only 6 or 7 miles from Mangrotha. In each case, the ore, a 
mixture of sulphur and gypsum, is brought from the eocene beds at 
some distance. The mines were not visited. 

East of the anticlinal, on the edge of the alluvial plain, no Upper 
Siwaliks near Man. Siwaliks are seen ; the ascending section terminates 
with the Lower Siwaliks, The beds above the 

A 

eocene dip at high angles. 


Sulphnr mines. 


^ This ^ows a resemblanoe to the typical Mnrree beds. 
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CHAPTER X. 

xooHOidb oaotooT. 

It hu become the practice in these iiMHi^ira to append a ohuter on 
DeSeiener of luefa] •conomio geology, although; in oases likt the 
minendi. pi'esenti when scarcely any minerals ot ralne are 

known to oocuFj and when the examination of the country has been too 
superficial and partial to afford trustworthy evidence as to the probability 
of any being founds such a chapter is little more than a confession of 
ignorance. The few remarks here appended must be considered rather 
as references to the previous chapters^ than as an account of the useful 
mineral products. 

The only localities at which coal has been observed are Maoh 
CaftlofBoUiiMHEr- the Bolin Pass and'Shihrig on the Hamai 
oRi routci. route from Quetta to Sibi. In both places the coal 

is eocene. A full account of the seams^ so far as they have been 
examined^ of the quality of the coal, and of the conditions under Which 
it occurs, was published in the Records of the Qeological Survey of Indm 
for The geological features of the localities are desoribed in 

Chapters IV and VI of the present report. As far as is hitherto known, 
the seams are much too thin to be profitably mined on a large scale, and 
them is great doubt as to their being constant in thickness over any oosi- 
siderable area. The quality appears to be sufiiciently good tor most 
purposes. 

The coal of Chamarlang, west of the Sulemin range, and bqyond 
Coil of LoniPothMi e x a mine d, was e x a min ed by Mr, Ball 

as already notioed in Chapter 1, and sf^ieam^to 
teaemUe that of Mach and Shfluig in character and geelogtoal poaitioit. 

In esnnexum with coal the leportsd petroleum locality of fte Ifari/ 


> YoLiy,Yl9,p.iM. 
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hills msy be mentioned. It is at a distanoe of four or five days' march 
Pstroleum of Mari ^ eastward o£ Gandkhindaf on the Hamai 
HHla. route to Quetta, and, as stated in the first chapter, 

want of time prevented a visit to the spot. From the accounts re- 
ceived, however, it is probable that the quantity of petroleum is very 
aruaU, as it is in some places in the Punjab, and especially one close to 
Rawalpindi. 

Sulphur ^ — The occurrence of sulphur at several localities just beyond 
the Sind and Punjab frontier is well known, and 
some account of the mineral was g^ven by Mr. 
Ball in the third volume of the Manual of the Geology of India.^ The 
most important mines are west of Bdgh in Kachhi, 
and the sulphur is extracted near^that towc. As 
already mentioned, time did not permit of a visi^ to the locality, Anotlftr 
locality is that mentioned in the last chapter, in the Sangarh Pass ^ west 
of Mangrotha. Here,*^ as already mentioned, the 
mineral brought to the place wheresthe sulphur is 
extracted is a mixture of that substance with gypsum.^ 

It is possible that the sulphur may have been derived from the 
decomposition of hydro-sulphuric acid; this substance (sulphuretted 
hydrogen) is always emitted by the warm springs that occur so frequently 
in the hills of the Sind and Punjab frontier. 

Another locality, as already mentioned in Chapter VlII, is said to 
exist south of Gandah^rl hill, but it is not worked ; 
other places may also occur ; indeed it is not im- 
probable that the mineral is rather widely distributed in the eocene beds. 


Sulphur looalitieB. 


Bagh 


Hear Mangrotha. 


Neor GandahAii hill. 


> Page 157. 

* Thu if, 1 thluk, the looality near the Sooree PaM ttentloned by Mr. Ball. The Sooree 
or Shori Pau U nearly 20 mUei aonth of the Sangarh. I wai told that no sulphur U worked 
in the Shori POii, but both Mr. Ball and 1 had to trust to native information. 

* I was grestly disappointed st being unable to visit the places whence the mineral waa 
aotaally obtained, hot I was too nnwell at the time to leave the main track. 

* So far os 1 eoald learn by enquiry and could asoertain by the oharaoter of the eoua- 
tiy, the sulphur ooenrs in eocene beds. 1 could not And any oonAnnation of Mr, BaB*s 
angg^atioo in JhU first notice that the salphur U of volcanic origiia. "Ko vcloanlo voelta 
were observed In the neigjSbcmrhood. 
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!rhe pxooesB o£ extraction waa seen in tbe Sangarb PMae at two 
places, and is of the rudest kind* Two ordinaij 

FM«Mf of cxtrMiion. x / i - t 

earthen fferraAs or iandH (nearly sphenoal 

earthen vessels about 15 to 18 inches in diameter, with a month 3 or 4 

inches across^) are placed vertically mouth to month and luted togpctber* 

The lower gufrah is sunt in fhe\ppet wal|| or roof of a small farnace or 

hearth, and in this gnrrah ore is plhce<k The upper garrak is exposed, 

and when the lower is heated by a fire in the h^rth, the sulphur is sub* 

limed, and depojsited inside the upper in the form of flowers of sulphur/' 

This 16 melted add then cooled again in cakes weighing about a seer 

(2 Ib) each, the cakes being formed by pouring the melted sulphur into 

a fragment of a broken garrak, 

Ogp 4 um.—T\iia mineral, as already mentioned, is common in the 
tertiary rocks. It occurs as thin veins filling cracks in the upper 
Siwaliks around the Kachhi, and in the rocks which 1 believe to be of the 
same age in the Mashalak range west of Quetta. In 

Gypaum localitiea. , , , « . , ^ 

the latter larger masses of gypsum are said to occur. 

At the base of the Lower Siwaliks, in the hills south-east of Pulaj, 
and north-by-east of Shahpiir, at the western extremity of the Bugti hilb, 
some very beautiful white gypsum, or alabaster, was found in irregular 
masses, some of them as much as a foot in diameter ; some of the masses 
are perfectly pure white in colour, and quite as well adapted for orna- 
mental purposes as the precisely similar stone that is carved into sta- 
tuettes and vases at Pisa and other places in Italy. 

Gypsum, too, occurs in beds of from 5 to 10 feet in thickness in the 
eocene beds of the Bngti hills and the eastern flank of the Sulcmdn 
range. 

The nse of plaster made from gypsum, instead of mortar from lime^ 
for building is common in Persia, and 1 believe in many other partf of 
Central Asia, as in Ai^hanistan, where ihe rainfall is\iot heavy. Some 
use las been made of similar plaster at Quetta, the gypsum 

‘ Tbp m m m mm/ka an flf«B fwm mmorj, and sm j not ta auat 
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Gbt«iiied»{roin the neiglibourhood of tl&e Gh^iaband Pass on the HasHalah 
tangcu 

BMding iiones , — The limestones of the oretaoeous and eocene sys- 
tems generally furnish excellent building stone. Some of the upper 
tertiary sandstones are also well adapted for building purposes^ but th^ 
sse often liable to crumble in exposure. At Quetta the dark cretaceous 
limestone is used for building. 
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DESCRIPTION OF FRfiSH^WATKR SHELLS FROM^LOWER SXWALIK BEDS 
OF THE BUGTI HILLS 

The following ipeoiefi were briefly notioed in Part I, Chapter III. They are Tery 
ourioQS and interesting forms, and, although 1 have rarely attempted to deeoribe fossils, 
I have been induced to undertake the task in the present instance, beeanse I have some 
acquaintance with the living species of the same genera now inhabiting India and the 
neighbouring countries, and because of the peculiar interest attaching to fossil land 
and fresh-water MoUusca in general : — 

1.' Melania psbcdepisgop wlis, sp. nov., PI. 1, figs. 1, 2. 

Tfta pro gtnere magnat tolida^ hreoiter turri^a, fere pgf^amidata. Spira 
imperfecta i aifr, enperaU 8| eonueri, aenaim aeereaeenteat coatigi vertioalihaa for* 
tihua diataniibuat in anfr, ultimo auperne juxta auturam atgue infra medium 
evaueaeentibua omati, et litteia apiralibua elevatia fihformrhua draiantihua tuhereu* 
loao decuaaati, Anfr. ulUmua baai liria apiralibua corfertiorihraa d— A omatua, 
Apertura ? Long. 1’92 ; diam. 1 1 poll. angl. Apart, long. ctVctrm 1, 

Shell large for the genus, thick, moderately turreted, not elongate, bat almost 
pyramidal. Spire imperfect, about 8^ whorls remaining, which are well rounded, and 
inorease in size regularly. They are ornamented wiih vertical ribs and raised spiral 
lines ; the ribs are far apart from each other, and appear, so far as can be made oat, to 
vanish above near the sutures, and below the middle of the last whorl ; they are 
nodose where crossed by the spiral lines, which are distant from each other, ezoept 
around the base of the last whorl, where they are rather closer together. So &r as 
can be judged, there must be on the last whorl fl or 6 distant raised epiral lines round 
the upper and middle portion, and 4 or 6, closer together, round the base. The* 
form oi the aperture cannot be ascertained, but was probably sub-rhomboidal, as in the 
recent Jf. oariabilia. 

Melania paeudepiaropalia belongs, so far as can be judged from the single epeeinieii 
proeursd, in which the aperture is not preserved, to the eub-getiue Melamide$f Oliv. 
and ie moet nearly allied to M. tariabilia, Bens., aipiat^alia, Lea, and Jf. 
eumatrenaiMf BreL It is a difficult qnestioa how far these spedii are really separ«> 
able fxom each other, and from namerons closely allied forms that have zeoeifed 
names from varions oonehologiBts. The form that eomes neareat to the ^rpe aow 
described, of edl that I have been able to compare, is one figared in Hanlsiy aad^ 
Theobald's Conchologia Indies, LXXII, fig. 6, nii^ the name Jf. epUebpalikt 
Lea. Thb specimen, which is Iropi North Cachar, differs oonsiderahly from tlm otfiknr 
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formB referred to the same species in the work mentioned.' A specimen from Assmi 
in the British Museum, referred to Af. variabilis, is also very nearly allied to the 
fossil.* 

Amongst the 6guros in Brot's admirable monograph of the Melaniidm * the three 
fermsmost nearly allied, so far as sculpture is concerned, are PI. 11, fig. 2, M.julieni, 
Besh., from Tonquin, PI. 12, fig. la, M: epucopalis. Lea, from Malacca, and PI. 18, 
fig. la, M. sumatrensisf Brot, from Sumatra. All of these forms, however, have 
higher and more turreted spires, and the vertical (transverse) ribs in M. pseudepU^ 
oopalis are more distant. The spiral lines also are differently arranged. The present 
form, therefore, may receive nominal distinction.'* No known fossil species appears to 
be very nearly allied. 

The similarity between the present form and the species mentioned of the subgeneric 
section Melanoides is so well marked that there can be very little doubt as to the affini- 
ties of Af. paeudepiaeopalis. The living species of Melania belonging to the same 
section are found along the base of the Himalayas, as far west as the J umna, and 
perhaps rather further ; they occur throughout a considerable portion of the Gangetic 
plain, and in Orissa, and they abound in Burmah, the Malay countries, Siam, and the 
islands of the Malay Archipelago, Ac. A species has been found in Malabar, and the 
type is probably represented in Ceylon, but it is wanting throughout the greater pafib* 
of the Indian peninsula, and is quite unknown in Sind, tho Punjab and all Central 
India. 

Two views of the same specimen are given in figures 1 and 2 of Plate 1. 


2. MlLANlA GBAPATA, sp. nov., PI. 1, figs. 8 — 6. 

Testa gradato^turrita, aolida, oraasa, laevigata. Spird vix eroaa. Anfr. S, 
gradatim accreacentea^ hand procul a auturd forte atque prominenter angulati, 
irfra angulumfere cylindracei^ lateribua verticalibua planiaque, antice ooncaviua- 
euliai ultimua parum major i infra angulum conoavua, auhtua convexua. Apertura 
fere ovaia, poaiice angulata ; margine extemo poatice retro einvato, antice arcuato. 
Long. 1’05 ; diam, 0'5 ; ap, long, eircum. 0’45 poll, angl. 

Tar, major, mvnua elata, ovaio-turrita. Long. tiiS; 4iam. eircum. 0*^5 poll, 
angl. 

Shell turreted, thick, smooth. The spire is high, scarcely eroded at the apex, and 
composed of six whorls in one or two specimens, five in others, regularly increasing in size 
by steps, sharply and prominently angulate just below the suture, and nearly cylin- 
drical below the angulation, the sides being fiat and vertical in the upper whorls, 
slightly concave in the lower, especially in the last whorl, which is prominently but 
bluntly angulate near the suture, then hollow at the side and convex towards the base. 
Aperture ovate, not preserved enUre in any specimen, but raised lines of growth 

• By Brot (Mart. Ohenm, Conch. Oah., Hola^iaoeen, 1874, p. 88.) these fonna are referred to 
jr. •pVMta, Qodwln-Austen, ihut the partloular figure 6 of PI. 78 above noticed is not quoted in Brot‘s 
synonywy* 

• 1 am Indebted to Ur. E. Smith, the Asslstont Keeper, for this oomparlson. He also pointed ont to 
me the-resemblaaoe of the fossil to a form of JT. ocperota, Lamarok, from the Philippine Islands. 

■ Bee preceding note. 

• It is rather a question of oonvenienoe than fact, whether closely allied forms of fresh-water moHnaDa 
ahall be olasasd as “speoies** or **Tarl 0 tles.'* 

( ■) 



APPSKDJX. 


ISI 


ihowing the form of the lip when the iheU ^Ute matare are prdeerved in a 

' few cases, and show that the posterior o* «%pp 3 | 4 iart oiihe outer margin was sinnate 
or curved back for some distance below the suiate, whilst the anterior or lower portion 
was arcuate or curved forward $ the base was probably curved back, perhaps eub- 
oanaliculate. 

Far, major ^ PI. I, fig. 4. Two specimens, rather larger than the rest, differ in 
having the spire less raised. 1 thinks however, that there is not sufficient evidence 
to class these specimens in a different species. One of them has spiral sub-distant 
impressed lines round tllc) base of the last whorL l^his may show that it is really a 
different species, but there are similar lines, though ^wer, on one Specimen of the 
smaller form. No such liifes, however, occur on those specimens of which the surface 
is best preserved.' 

I am unable to find any species of Melania^ living or fossil, allied to the peculiar 
t} pe here described. In general form there is some resemblance to the sub-genus 
Flotia} comprising If. aoabra and its allies, some of which have the whorls ungu- 
late below the suture, but the form of the aperture is different. The group Ttara, 
in which the angulation is more marked and the whorls usually smooth, has a much 
larger last whorl, and a nonsinuate external margin to the peristome. In both these 
groups the angulation of the whorl is ornamented with spines, and the same may 
originally have been the case with M. gradata. The present species may be allied to 
the section Ttaroptis^ including M. toinUri of Java and its Ullies, or to the peculiar 
form M, impura^^ Lea, from the Philippines. These have the outer margin of the 
aperture sinuate and the whorls more or less ungulate, but the general form is different, 
and none have the peculiarly shaped whorls of gradata* 

It is not quite certain, indeed, that the present species was really a Melania, The 
spire resembles that of the curious fresh-water form discovered by Dr. J. Anderson in 
Yunan, and named Margarga melanoidee by Mr. O. Nevill (J.A.S.B., Vol. XLYI, 
1877, Pt. 2, p. 80, and Yol. L, 1881, p. 166, PI. Y, fig. 1.— Anderson, An. Zool. Res. 
Western Yunan, p. 891, PI. LXXX, fig. 6.), but that has the mouth of a Paludina 
and probably, as suggested by Mr. Nevill, is closely allied to that genus, if it does not 
belong to it. 

The typical form of M. gradata is represented on Plate 1, figure 8, the large 
variety in fig. 4, and in fig. 6 the lines of growth are shown. 

8. Paludina buotica» sp. nov., PI. 1, figs. 6, 7. 

Teeta impevjhrata, ovato-conoidea, eolida, glahra, 8pira eonoidea^ laUribne 
eonvexit, apice obtuMo, enturd impreeed. Anfr,d parum eonvexi, eubplanulaii ; 
uliimut hand deeeendene, euhiut rotundatue, Apertura ovaio-roiunda, obligua ; jwrt- 
Sftomate hand inerauato^ rieto. Long, 0’6 : djam, OA; ap, long. O’ 27 poll, angl. 

Shell imperforate, ovately conoid, solid, smooth. Spire bonoid with the side 
convex, apex blunt, suture impressed. Whorls about 4 in number, slightly oonvex or 
flatteoed, generally the latter ; the last whorl not deseending, rounded below. Aper- 
ture nearly round, oblique ; peristome not thickened, all in one plane. / 

IMd, p. SIS. 
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I Am disposed to believe that this species is more probably a Pafudina than a 
be<»nse, bad it belonf^ed to the latter genus, I think, in a deposit in which 
most o{ the speuimenn of Unto occur with the valves united, that some specimens 
of the univalve would be found with the shelly operoula in place, just as they- 
eommonly are in Indian rivers at the present time. 

There is no very closely allied form inhabiting India at the present time (the 
TOarest is perhaps P. crassa, Hutton), but Paludinm are not characteristic shells, and 
a dozen similar species, recent and fossil, might easily be selected for oomparison. 
Two specimens, difibiing slightly, are represented in figures 6 and 7 of Plate I. 


4. Urio tioabti, sp. nov. FI. 2, figs. 1—3. 

Te%ia trantversitn subiriangularuoifata, ventrieoaot ina^guilateralia, eoncenirice 
ttriata, extns atque intua radiatim eoatata, aotida, antice rotundata, poatioe auban~ 
gulata; margine doraali postice primum recto, tune convexo’-decliei, ventrali 
convexo, poatice undulato ; umhonihua prominentihua, wflaiis; valvulia extua antice 
glabria, medio ae poatice liria aulciaque ornatia, omnibus niaiJuXta extremitatem 
poateriorem aubparal/elia atque oblique (sc, postice) decHnatis, ab margine umbonM 
ad ventralem decurrentibua, anterioribua minoribus, aubdiatantibus, mediia 3-4 con* 
feriioribua, post medium 3~4 multo majoribua latiorihusque, poatremia nonnullia 
brevibua in regions poaiied doraali, a cxteria diver gentihus, atque in marginem 
poateriorem deainentibua ; dentibua cardinaiibus magnis. Long, exempli majoria 
4 ; lat, ad S' 2b ; craaa, 2‘ IS poll, angl. 

Shell transversely and subtriangularly ovate, ventricose, especially in ihe middle, 
thick, inequilateral, concentrically striated and radiately ribbed both inside and 
outside, short and rounded anteriorly, subangulate at the posterior end. The dorsal 
margin is straight for some distance behind the beaks, then rather convex ; ventral 
margin convex, rather prominent in the middle in some speoimens, undulating 
posteriorly opposite the terminations of the ribs on the valves. Hmbones prominent 
and swollen. The valves are nearly smooth near the anterior extremity, but all the 
rest of the surface is covered with straight ribs and furrows ; all the ribs except at the 
posterior end being subparallel, and sloping obliquely and backwards towards the 
ventral margin. The first (anterior) ribs are small and subdistant, the next three or 
four, in the middle of the shell, still small but close together, then a few on the 
posterior portion of the surface, about 4 in number, are much larger and broader, 
whilst the dorsid portion of the posterior surface is occupied by a few broad short 
ribs diverging from the others and running directly towards the posterior end. Gar- 
dinal teeth large. 

This desoriiytion is ohiefiy taken from the only specimen in which the external 
surface is preserved. The measurements of this specimen are given above. The 
other examplee collected are chiefly oasts with the inner portion of the shell remain- 
ing. The broad ribs on the posterior surfaces of the valves are preserved in all the 
easts, and appear as well marked internally as externally, but the finer anterior riba 
have disappeared Inside the shell. A perfect east of a shell rather smaller 
of which the dimenaums were given above measures— length 3*^ Waadth 2*2, thick* 
ness P9 inches. 
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I am nnsoquainted with any apeoqp of iliiag*orfoiaih with whioh thb 

well marked form can be oonBidered aa 

Only six specimens of this species w«jre ooUesited ; in all hot one both yalTSs are in 
position. Many were seen, but the majority were mere casta or too imperfect to bo 
worth bringing away. The species did not appear to be rare. It js named after 
Captain Vioary, the original disoryerer of the deposit containing the curious series 
of fresh-water shells now described. 

In Plate 2, fig. 1, the specimen abore mentioned, in which the surface of the shell 
is fairly preserved, is represented. Figures 2 knd 3 are taken from a well-preserved 
cast with a little of the shell remidning attached. 

‘d. TJvio OABDiiFOBicis, sp. nov., PI. 8, figs. 1—^ 

Tefia fere orbieulata, rotundato-oeaXie^ euhaquilaieralitt valde radiatim 
ceetatat craeea, ventrieoea, antice atque poeixee rotundata ; margine doreali ante 
umbonee eoneavo, poit eot primum eubreeio, deinde convexo; ventraH rotundaio, 
valde undulatim corrugato ; umbontbue prominBntibue, injtatie; valvulis lirie 
euleieque radiaDiibue reciie fere aqualibutt poeiiee deelinaiie, obieetie ; deniibue 
eardtnalibue magnie, Ijong, B ; lat, 2’6 ; ercus, ad S polL angl. 

Shell almost circular, much resembling a Cardium or Peetunculue in general 
form and scnlptnre, subequilateral and ornamented with strong radiating ribs, thick, 
ventrioose, the anterior and posterior ends ronnded ; the dorsal margin ooncave in 
front of the umbones, straight for a short distance behind them, then convex, ventral 
margin evenly rounded, and deeply corrugated, the oorrugations oorresponding to 
the termination of the ribs on the vidves. These ribs are straight, nearly equal in size 
and equidistant: all have a considerable inclination backwards as they paas from the 
dorsal to the ventral margin. The number appears to vary. In the best preserved 
example (that figured) there are 14, on another only 11 or 12, the posterior extremity 
of the shell being in this case smooth, though it is ribbed on the other. Cardinal 
teeth very large. 

The measurements of a large specimen axe given above. A smaller and leas 
perfect pair measures— length 2'4, breadth 2*2, thickneaa 1*6 inches. A oast is 
2*6 X 2*26X1*6. 

This and the next species are two of the most remarkable forms of Unto am 
discovered, and they would probably be made a separate genus by many palsontologiste 
and by some malacologists. There is a slight lesemblanoe between them and certain 
Uving American forms, snob as Uplieatue, Say, and U, latioostatue^hon, hut no near 
connexion. The prominent scnlptnre formed by the alternating ridges and furrows 
and the xemarkable corrugated ventral margin are exaggerations of the foaturas 
found in the genos Cnrdium, and rather reaemble the pecnliar oharaoteis el tome 
mesMoio speoies of Os^roa. Some approach to this oharaoter is, however, seen in 
oertaiiB intartrappean foms of Vnio of npper orstaosons age, oosotting near Nagpdr. 

*iaS»tsl|r1itiiappeii«dtoawthattlMie«BssiMraiUsDMMirsBBboChtUs tOnumd U.ernm, 
«sd SMS ol tks spssiss of ITste obtetasd boss tbs latsrtimpessB (nppsr nrstsnsnns) fesds^f 
lb«pSr sod olbsr pissss Is GsoMl India. Tbs sms Idss osoamd todspsiidsailj is Or. riiifnalM 
t MS easUs to sos m— ^ iffiiilnimr warn dsssrftsd ivllh fbs ssIIssUsd of liitiilisfpma SmUs to 
OsIssttSwbatfdtboofblhsNtaasUrbloiBllsrlirbstesmF. sfesnri o»l fbs totortosnswi r.AeelfH, 
HIsLtbstwedsaetiSMvwTdIsssIrssMssIsd. 

( w ) 
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The oaftt Ib almost smooth, the external sribs not being repeated on the inside of 
the shell except close to the Tentral margin. 

XT, eardiiformis was common at both the places (near Gandoi and near Knmbi) 
in the Bugti hills, where I found the bed with fresh-water shells, and it was doubtless 
the species seen by Vicarj ^ and taken by him for a Cardium* 1 found either the 
same or a closely allied form, but poorly preserved, in a bed at nearly the same 
horizon, close to the base of the Siwalik system, in the Sulemtfn hills, on the 8iri 
stream, west of Sakhi Sarwar and again in the Vaddr Pass further north. It is 
poshible that the same form was noticed by Mr. Wynne ^ at precisely the same 
geological horizon in the Kohdt district of the Punjab. 

As with the other species of Unio, the two valves generally occurred together. 

Three views of this shell are given on Plate 3, figures 1, 2, 8* Figures 2 and 3 
are to some exteut restorations, and are iutended to show the dorsal and ventral aspects. 

6a. Unio cabbtifobmis nar. {vet species distincta). PI. 8, fig. 4. 

T^sta trigono-plohosa, crassa, ventricosa, costis valtdis paucis radiaiim omata, 
antice roiundata^ postice subangulata / margins dorsali post umhoftes declivtt recto ; 
ventrali rotundato, vafde undulato , cestervLm similis C7. cardiiformi typo* Loit^ 
2'2; lat.S’lBi crass, V 9 poll, an gf. 

This is probably only a variety of U. eardiiformis^ with fewer ribs and a more 
triangular shape. It would doubtless be classed as distinct by many palsontologists 
and conchologists, but recent forms o£ Uhio are excessively variable, and 1 should not 
like to propose a name for the present form without more evidence of its distinctness. 
Only one specimen (a pair of valves as usual) has been brought away. The anterior 
portion of the shell has perished, and of this part only the cast remains; in the 
perfect shell there were probably about 8 or 9 radiating ribs on the surface of 
each valve. 

The shell described is represented in figure 4 of Plate 3. 

6. Unio cabBita. sp. nov., FI. 1, figs. 8, 9. 

Testa ovata^ inaquilateralis, mediocriter ventricosa^ crassaf costis validis 
euhcoifertis, ah margins dorsali ad ventralem sUhradiatim decurrentibus oblique 
atque postice declinatis ornata, anttce atque postiae rotundata ; margins dorsali 
aumte umbones concaviusculo,post eos sub recto ; ventrali convexo, valde undulato s 
umbonibus prominentibus ; dentibus cardinalibus magnis. Long, 2'78 ; lat.2rl; 
crass. 1'6 poll. angl. 

Shell ovate, resembling a Cardita in form and sculpture, inequilateral, moder- 
ately ventiioose, thick ; the surface of the valves covered with strong straight radiating 
ribs not very close together, running obliquely from the dorsal to the ventral margin 
and inclined posteriorly in the latter direction. Anterior, posterior, and veniaral 
margins rounded, dorsal margin a little concave in front of the umbones, nearly 
straight and eloping behind, cardinal teeth large. 

The measurements of a large specimen are given above ; a small pair measurea^ 
length 1*66, breadth 1*46, thickness 1'16. 

1 Q. J.G. 8., VcO. II, 1840. p. 164. • Mem. 0. 8. 1., Yd. XL pp 61 (les) saA 04 (kStH, 
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Althoufi;!! this shell, the specific name is gi^en on aoooant of its 

.resemblance to the genus Cardita, is wall fifitsDg^>|^ &Dm U, eardiifirmia both bj 
form and sculpture, the shape being more ovate and less ventrioose, and the 

ribbing considerably more distant and more oblique, I am far firom certain that the 
two are not varieties of a single form. Only three specimens, a large and a small pur of 
shells and one oast, belong to Z7. eetrdita, and the peculiar variety of 17. eardiiformu 
last described shows a tendency to a passage, through having fewer riba than the 
type. But BO well marked a form^as U, c^rdita requires nominal distinction at all 
events, whether connected with carditformii by intermediate links in the same 
locality or not. 

Like its ally, the present species has not, so far as 1 am aware, any known ally 
living or fossil. 

Two representations of the specimen described are given in figures 8 and 9 
of Plate 1. 


7. Unio PUOiUNCULga, sp. nov., PI. 1, figs. 10^18. 

Teata tranaveraim elongaia^ pyriformUtmaia^ valda incaquilaiaralia^ veuiricoaa, 
eraaaa, antiee breviter rotundata^aubtruncata, poatioe attenuata, demum truneatula; 
margine doraali poatice declivi^ fere reotOf ventrali convexo, juxta extremitaiem 
poaticam concaviuaculo, umbonibua pronUnentibua, injiatia^ prope marginem antu 
cumpoaiiia, valvula utraque coatia duabtUt iiferiore multo valtdiore^ hand proeul 
a margiiu doraali ab umbone ad extremitaiem poaticam decurrentibuaf omata ; 
dentibua cardinalibua validu. Long, 2*3 flat, 08; oraaa , 0’65 poll angl. 

Shell transversely elongate, pyriformly ovate, very inequilateral, ventrioose, 
thick, short and rounded, almost truncate anteriorly, suboonical behind, and giudu- 
ally diminishing to the end, which is out off, the dorsal margin sloping, almost in a 
straight line, from the umbones to the posterior extremity, the ventral margin convex 
throughout the greater part of its length, but slightly concave close to the posterior 
termination. Umbones prominent, swollen, situated close to the anterior end of the 
shell, each valve furnish^ with two ribs near the dorsal margin running from the 
umbones to the posterior extremity, the inner of the two (that farthest from the 
dorsal margin) being much the more prominent, and forming, in fact, a division 
between the general surface of the valve'and the binge area. Cardinal teeth veiy 
large and thick. 

There is no very near ally of this form living in the peninsula of India, the nearest 
being species like U, cmruUua^ Lea, and XJ, gerbidoni, Eydonx. In this case, as in 
that of Jfs/an»ay»rsud<^eopa/»s, much greater similarity can be traced to types 
existing at present only east of the Bay of Bengal. The closest ally appears to be 
a form described from Pegu by Mr. Benson under the name of V, pugio^ and this, 
again, is said to resemble the Siamese IJ, ingallaianna^ Lea. In China, the type is 
well developed, the extreme foimf and one of the best known, and being U, grayamne^ 
and some species probably bslonging to the same group are found in North America, 
e^., V, naau/ue, Say.* 

7 Ann. Msf. Nat. Hist.. 9, VoU X (ISSS), p. ISS.Hsalsr and Thsob. Coash. Ind. FI, X, tg, T. 

• Lea. Tnna. Am. PhU. Boo., Tol. X, p. SSI. PL XXIV, Sf. 41. »r. Coach, Joim., Uaio Ho. Isa 

» Tt» spsolss fiamod sn SfWfd in Lss's Otassrvsttoso ; in KSstsr*s Moaofrspb of tbs fsnsi (Martial 
■ad Cbsnmtts, tfywi. Coaoh. Cab.) ; sad te Bstvs's Mssofraph ta tbs Oondboloitls looafos. 
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-dMOMt 

WHfij'Mi ite ■pefei fiAttMMjr hnt4^kmk um i rmi 
MI»'fl*w»of tpaatount fMH^i<Hi||ll|i|ii 



Ol Ow Mfv^jjpMiM diMriM Ifttr liwvi JM,.|nk|Ai|p|^^ 
^lidiGMi ^ pan u not aearlj^pret oat dUy maj ImUaa fpeoiM, bat mi0 
ildKlM to’jfbnnfl exiatiag olaewben | it biloilgib himimt to a fpmi 1 i)iw3k|i 
oo gmt vatMt^ and wbich is not any cHanebinstio. M tbo MtMuww 
opoi JfsIaniM pnttdepUcopaiit, is so dosilf. «ISsd tafSite now 
sod llorth*|!aMtera ladis ss iy> be soatoebf sepMsbls» sad H msy b# ooaaMNHjBp* 
▼utiisl^ « liria^ fpeeies, wbUllfe tbs Issb Uaio pupUaimtim, «ttliodglif|nidf''pHptt 
fim kaowB iiviiig lenO, ks«3iM to a Bunnesd tpsoiei^ oad jnms dktiiJBiho 
oftsrlbraiS’iwir iiriwAiliiqt (jShuL mt4 ttoos. 

ssTSO ieaalMMjtiit sbc&k tbst tohsintad ibo riven Pt w natm^^mnam 
teatisr 1& iMitJIhrslik times, nous sie now represested in tbs sonilmU 
&n bopsnifkpletel^ died not. and two have rither talgniM eoitwoiKl,«^ 
JljllpflR disappeared to the west d India. 

^JN^'IMneriiiiig to note that none the speoies desoribed lifSMits slBiiil tqilb* 
■" ■rttpf 00 Pfiooene firesh-water MoQnaoa of Burops. 
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